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Analysis of very small samples is best done using a microcell approach.
weight 338 was contained in a capillary tube of 1.0 mm 1.D.
served adequately for the peak register method,

form peak.

The spectrum is very well defined,

feasible and very useful for microsample analysis.

MICROSAMPLE ANALYSIS
withaTT-7/T-60A System

The TT-7 pulsed RF Fourier trans-
form accessory benefits NMR op-
eration by dramatically increasing
sensitivity over that obtained in
the normal CW mode of opera-
tion. Typically, samples five to
ten times smaller than those now
being handled can be run in the
same amount of analysis time.
Signal input, accumulated free
induction decay, or transformed
spectra can be displayed on the
TT-7’'s cathode ray tube for visual
monitoring. The spectra can be

plotted using the T-60 recorder.
Digital integrations of spectra can
be viewed or plotted as well.

Not only will the TT-7 enhance
the sensitivity and increase sam-
ple throughput of your T-60 but
it will also provide an excellent
Fourier transform training facil-
ity. Its ease of use is incompar-
able. In addition, spin-lattice
relaxation times can be deter-
mined from a series of runs using
the progressive saturation tech-
nique. Optional automatic Ti mea-
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Here, 45 micrograms of a compound with molecular

The peak at 3.085, although weak after one block of acquisitions,
which effectively cancels long-term field drift.
chemical shifts were copied from an oscilloscope display” of peak positions using ah assigned value of 435.6 Hz for the chloro-
and demonstrates that overnight FT operation with a T-60A/TT-7 system is quite

Signal frequencies and

surements are available using the
inversion-recovery technique as
well as other multi-pulse experi-
ments. In addition to sensitivity
improvement and T, measurement
applications, the basic TT-7 sys-
tem will provide computer calcu-
lations of theoretical NMR spec-
tra of up to six spins (seven spins
with 12K core memory and disk
memory system).

Phone or write for more details.
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ORGANIC FUNCTIONAL GROUP
PREPARATIONS/Volume 3

by STANLEY R. SANDLER and WOLF KARO
A Volume in the ORGANIC CHEMISTRY Series

CONTENTS: Acetals and Ketals. Anhydrides. Mono-
alkyl Sulfates. Sulfenic Acid and Sulfenic Acid Deriva-
tives. isonitriles (Isocyanides). Amidines. Imides.
Imidates. Nitrones. Hydroxylamines and Substituted
Hydroxylamines. Oximes. Hydroxamic Acids. Thio-
hydroxamic Acids.

1972, 520 pp., $27.50
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QUANTUM EFFECTS IN
ORGANIC CHEMISTRY

by PETER HEDVIG

This book discusses the basic principles and the experi-
mental methods of quantum chemistry with special
emphasis given to organic compounds. After an intro-
ductory chapter, the behavior of photons, electrons-
positrons, nuclei, molecules, free radicals and the con-
densed phase are treated from an experimental point
of view. The author’s intention is to bring the ideas
and methods of quantum chemistry closer to practice.

1974, in preparation
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POLYMER SYNTHESES
by STANLEY R. SANDLER and WOLF KARO

The aspects of organic polymer theory and mech-
anisms, polymer processes and practical chemistry
have already appeared in other books. However, the
synthesis of the various classes of polymers by func-
tional group types remained unavailable. This book has
as its aim to fill this gap and to present detailed labora-
tory directions as examples for the preparation of poly-
mer syntheses by various functional group classes.
Each chapter contains a critical review of the best avail-
able synthetic methods. The classes of polymers
covered include the following: olefin and diolefin hy-
drocarbon polymers, polyesters, polycarbonates, poly-
merization of epoxides and cyclic ethers, polymerization
of aldehydes, polyureas, polyurethanes, thermally
stable polymers, acrylic-methacrylic esters, polyacrylo-
nitrile, polyacrylamide and organophosphorus poly-
mers. Some of the heterocyclic polymers included in
the chapter on thermally stable polymers are: poly-
Imides, polybenzimidazoles, polyquinoxalines, poly-
1,3,4-oxidazoles and poly-1,2,4-triazoles, polybenzo-
thiazoles and polybenzoxazoles and others.

1974, in preparation
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ANALYTICAL PROFILES OF DRUG
SUBSTANCES/Volume 3

Compiled under the auspices of the Pharmaceutical Analysis and
Control Section Academy of Pharmaceutical Sciences.

edited by KLAUS FLOREY

CONTENTS: Alpha-Tocopheryl Acetate. Acetamino-
phen.  Amitriptyline Hydrochloride. Digitoxin. Di-
phenhydramine Hydrochloride. Echothiopate lodide.
Ethynodiol Diacetate. Fludrocortisone Acetate. Flu-
razepam Hydrochloride, lodipamide. Methadone.
Oxazepam. Phenazopyridine Hydrochloride. Phenyl-
ephrine Hydrochloride. Tolbutamide. Trimethaphan
Camsylate. Tropicamide.

1973, 584 pp., $19.50/£9.35
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INTRODUCTION TO CHEMICAL
KINETICS
by GORDON B. SKINNER

CONTENTS: The Nature of Chemical Kinetics. How
Kinetic Results are Expressed. Prediction of Reaction
Rates. Some Typical Gas-Phase Reactions. Chemical
Reactions in Solution. Reactions in Solids and Hetero-
geneous Systems. Experimental Methods.

1974, in preparation
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NONAQUEOUS ELECTROLYTES
HANDBOOK/Volume 1

by G. J. JANZ and R. P. T. TOMPKINS

This volume includes data for some 310 solvent systems
and covers the literature to 1973. As in Volume 1, we
have drawn extensively on the earlier studies as well
as the more recent contributions in preparing the ma-
terial for this volume. For nonaqueous polarography
and potentiometric titrations, the focus has been only
on the more recent literature owing to the relatively vast
number of publications since 1940. Topics covered
include: Solubilities of Electrolytes; EMF Data; Vapor
Pressure; Cryoscopy; Heats of Solution Calorimetry;
Polarography; Ligand Exchange Rates and Electrode
Reactions; Electrical Double Layer; Nonagueous Spec-
troscopy and Structure of Electrolytes; and Organic
Electrolyte Battery Systems.

1973, 948 pp., $60.00/£28.20
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ADVANCES IN CARBOHYDRATE
CHEMISTRY AND
BIOCHEMISTRY/Volume 29

by R. STUART TIPSON and DEREK HORTON
1974, in preparation
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Disodium Tetracarbonylferrate Dioxanate

a highly versatile and selective
reagent for organic synthesis

Now you can synthesize unusual or previously
unavailable aldehydes, ketones, carboxylic
acid, esters or amides with Collman'’s reagent,
disodium tetracarbonylferrate dioxanate,
Na2Fe(CO)4+1.5 C4H82. This versatile new
reagent reacts with alkyl halides or tosylates,
or with acid chlorides, to form anionic alkyl

or acyl iron intermediates. Suitable treatment
of the intermediate provides your choice of the
above products1~3, rapidly and in essentially
guantitative yield.

Moreover, these reactions occur under mild
conditions, exhibit stereospectificity, and are
tolerant of functional groups such as esters,
aldehydes and ketones, amides, nitriles,
chlorides, alcohols, amines, olefins (including
vinyl halides), and aromatic rings (including
aromatic halides).

Prof. Collman has recently prepared mixed
alkyl-perfluoroalkyl unsymmetrical ketones
by treatment of the intermediate with
perfluorinated acid halides, -anhydrides or
-aryl iodides.4

He has also extended the use of this reagent to
the synthesis of neutral monomeric phosphine
and arsine complexes,5(C6H52(R)MFe(CO)4,
where M =P ,As.

Want more details? Send for Alfa’s
brochure “Collman’s Reagent—Disodium
Tetracarbonylferrate”.

Ventron Corporation, Alfa Products, 8 Congress
Street, Beverly, Mass. 01915 (617) 922-0768

In Europe contact:

Collman’s Reagent is now available from
Alfa Products.

Stock No. Listing Quantity  Price
88775 Disodium tetracarbonylferrate 259. $29.50
dioxanate (Collman's Reagent) 100g. 99.00
Na#e(GO)4 ml5 CjHJO?
Na2Fe(CO)
*
j*RFe(CO)a —-5* R'X ?
RCFe(CO)3i
RCHO
> [rcx> — 21—
ROH \H 20
RCOR' RCOOH

RCNR'R"

1. M. P. Cooke, J. Am. Chem. Soc. 92, 6080 (1970)

2. J. P. Collman, S. R. Winter and D. R. Clark, ibid. 94,
1788(1972)

3. J. P. Collman, S. R. Winter and R. G. Komoto, ibid. 95,
249(1973)

4. J. P. Collman and N. W. Hoffman, ibid. 95, 2689(1973)
5. J. P. Collman, R G. Komoto and W. O. Siegl|, ibid. 95,
2389(1973)

Ventron-Hicol, N.V. Postbus 1151 mRotterdam, Netherlands «Tel. 010-297433 Telex No. 21676
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Some Properties and Reactions of I-Methyl-3-phospholanone 1-Oxide
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* In papers with more than one author, the asterisk indicates the name of the author to whom inquiries about the

paper should be addressed.
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Whatever approach you prefer, Macmillan has
the organic chemistry text you need.

MODERN PRINCIPLES OF ORGANIC CHEMISTRY
An Introduction
Second Edition
John L. Kice, University of Vermont, and Elliot N. Marvell, Oregon State University, Corvallis

This concise yet comprehensive introduction to all the
major concepts of modern organic chemistry also em-
phasizes a number of aspects of the subject relevant to
biological chemistry. Taking a mechanistic approach to
modern organic theory, the text focuses on molecular
geometry and the relation of structure and reactivity.

The authors begin with a review of the basic concepts
of structure and bonding, then cover nomenclature,
structure, properties, and a few of the most important
reactions of all major classes of organic compounds. All
the groundwork necessary for any mechanistic consid-
eration of organic chemistry is systematically presented
before giving a detailed exposition of the various types
of organic reactions and their mechanisms. Later chap-
ters give extensive treatment of more highly sophisti-
cated material such as macromolecules, isoprenoids,
steroids, and alkaloids. Illustrations and applications of
modern principles are stressed throughout.

This new edition has been enriched by the integration
of numerous bio-organic topics at appropriate points in
the text. Revisions have been made to update and clarify
textual content. Significant changes include :

e early introduction of spectroscopy and integration of
this material in subsequent chapters

= agreatly improved chapter on synthesis

= anew, separate chapter on the different types of prob-
lems chemists face in organic structure determination
and the ways they go about solving such problems

e a new section on nomenclature, structure, and simple
reactions of sulfur compounds

= expansion of the chapter on nucleic acids to include
discussion of the direction of protein synthesis by
messenger and transfer RNA

« discussion of alkaloids and alkaloid biogenesis in the
chapter on steroids arid terpenes

= explanations of the Wittig reaction, some simple elec-
trocyclic reactions, and reactions of carbenes with
olefins.

Dozens of new problems have been included. A second
color is used throughout the text to direct attention to
certain portions of structural formulas; to indicate the
electronic reorganizations involved in certain reactions;
and to single out points of particular importance.

Teacher’'s Manual, gratis.

1974 approx. 528 pages prob. $11.95

A SHORT COURSE IN MODERN ORGANIC CHEMISTRY
John E. Leffler, Florida State University

Designed for a one-semester or two-quarter course for
non-majors in organic chemistry, this text gives stu-
dents a sound background in the reactions and struc-
tures of organic molecules. The author not only connects
chemistry with other fields, such as home economics,
nursing, and education, but also emphasizes the cultural
aspects of organic chemistry. Students in related fields
are given the necessary chemical background and are
also shown the relevance of organic chemistry to their
areas of interest. The coverage of ascorbic acid, for
example, includes both a discussion of its use in treating
scurvy and a firsthand account of the effects of this
disease.

Taking the standard “functional group” approach, the
text begins with an introduction to the structural theory
of organic compounds. Chapters on the reactions of

functional groups and descriptive organic chemistry
follow.

The idea that organic molecules can often be very
large, yet have simple chemical properties easily under-
stood in terms of the properties of small molecules, is
introduced early. The student is led, throughout the text,
from simple nonliving systems of small molecules to the
more complex systems of biological macromolecules.

The number of reactions to be learned is held to the
minimum consistent with the objectives of the course,
without sacrificing broad coverage of the material. An
extremely comprehensive Teacher’s Manual is available
gratis.

1973 366 pages $10.95

MACMILLAN PUBLISHING CO., INC.

100A Brown Street
Riverside, New Jersey 08075

In Canada, write to Collier-Macmillan Canada, Ltd.,
1125B Leslie Street, Don Mills, Ontario
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Modern

Concepts In
Biochemistry

Robert C. Bohinski, John Carroll University

Written in a conversational style, this intro-
ductory text explores the biomolecular
structure and metabolism of all major areas
of modern biochemistry.

Incorporating the latest research findings, en-
tire chapters study analytical biochemical
technigues, Ph phenomena and the impor-
tance of a stable ionic environment for living
organisms, as well as allosteric control of
enzyme regulation.

Many electron micrographs and photographs
of biomolecules, problems and questions for
the student in each chapter, flow diagrams,
and appendices are included. A solutions
manual accompanies the text. 1973, 567 pp.

Allyn and

Organic

Chemistry

Arnold J. Krubsack, University of Southern
Mississippi

Introducing a new approach, this text features
a compromise between the “cookbook” and
“honors” methods in organic laboratory
courses.

With numerous illustrations of approaches,
equipment set-ups, and techniques, the early
experiments detail specific directions and
procedures. As the students become more
proficient in the laboratory, fewer instructions
are given.

With emphasis on understanding technigues
and chemistry for future applications, some
of the topics covered are: U.V., N.M.R., mass
spectrometry, I.R., chromatography, and
spectroscopy.

Designed to accompany any modern lecture
textbook in organic chemistry, the text in-
cludes a section on chemical principles for
non-majors. One chapter describes the use
of a chemical library and an appendix dis-
cusses how to write notebook reports and
scientific papers. An instructor’s supplement
is available. 1973, 464 pp.

Bacon, Inc
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Pyrimidine is not alkylated by diarylmethyl cations, but substitutions do occur at an endocyclic nitrogen
with 2- and 4-hydroxypyrimidine and at the sulfur of 2-mercaptopyrimidine. Diarylmethylations occur exclu-
sively at the 5-carbon position of 2,4-dihydroxy-, 2,4,6-trihydroxy-, and 6-amino-2,4-dihydroxypyrimidines. The
effects of Lewis acid catalysts as well as substituents on the diarylmethyl cations on the alkylation reactions are
discussed. Also, alternate synthetic routes to the 5-diarylmethylpyrimidines are given.

Pyrimidine and pyrimidine derivatives present several
electron-rich nucleophilic centers where a carbonium ion
may attack. Only one example of this reaction is reported
with a diarylmethyl cation, and in this case the extranu-
clear nitrogen of 2-aminopyrimidine is alkylated.1 On the
other hand, alkylations of a carbon atom are reported for
2-hydroxypyridine,2 thiophene,3 9-methylcarbazole,4 pyr-
role,5 hydroxyquinolines,6 and indoles.7 The 2-, 4-, and
6-carbon atoms in pyrimidine are electron deficient by vir-
tue of the electron-withdrawing effect of the nitrogen
atoms and are not susceptible to alkylation.8 Carbonium
ion alkylations, therefore, could be expected to take place
only at an electron-rich ring nitrogen or perhaps at the 5-
carbon atom, although the latter is made slightly elec-
tron deficient by the general inductive effect. This report
describes the reactions of diarylmethyl carbonium ions
with pyrimidine, mercaptopyrimidine, and hydroxypyri-
midines.

Results

No C or N alkylation products of pyrimidine were iso-
lated when pyrimidine was treated with benzhydrol (1) in
acetic acid either in the presence or absence of a Lewis
acid catalyst. A very small amount of N-acetyl(diphenyl-
methyl)amine was isolated and the remaining 1 was re-
covered as diphenylmethyl acetate. The conversion of 1 to
diphenylmethyl acetate was shown to occur quantitatively
within 15 min in hot acetic acid.

One electron-releasing substituent on pyrimidine, such
as hydroxy or mercapto group in the 2 or 4 position, sup-
plied sufficient electron density for electrophilic attack to
take place at one of the heteroatoms (Scheme 1). Partial
alkylation of 2-hydroxypyrimidine occurred with 1 and
with 2,4-dichlorobenzhydrol (2) in acetic acid to give low
yields of the respective I-diarylmethyl-2(17i)-pyrimidi-
nones (3 and 4, Table I). Addition of boron trifluoride had
little effect. More complete alkylation of 4-hydroxypyri-
midine occurred with 1 to furnish 3-diphenylmethyl-
4(2H)-pyrimidinone (5, Table I). The diphenylmethyl cat-
ion attacked the extranuclear sulfur of 2-mercaptopyrimi-
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dine to give a moderately good yield of [(2-diphenyl-
methyl)thio]pyrimidine (6, Table I).

Scheme |
H Ar ceHs
/ chXo,h
+ HOCH
\ 118°
c aH6
1, r=cthb6 3,Ar = CH6
2, R = 24-C12CaH3 4,Ar = 2,4-ClTeH3
H Ar CH— CH—CA
/ chZo,h o
HOCH
r \ 118° r
N s~ CA nV
5
. Ar CA
V I HooH CHCOH  ca5— cHS!
\ 118°
Cft

Two or three electron-contributing groups at the 2, 4,
and 6 positions of pyrimidine caused the diarylmethyl
cations to be attracted to the 5 position of pyrimidine
(Scheme 11). Reaction of uracil or 2-thiouracil, however,
did not occur with 1 after 5 days in refluxing acetic acid.
When boron trifluoride or stannic chloride was added, the
alkylation was complete in several hours and nearly quan-
titative yields of the 5-(diphenylmethyl) derivatives (7
and 8, Table Il) were isolated. Similar reaction conditions
with 1 and 6-methyluracil gave a good yield of 6-methyl-
5-(diphenylmethyl)uracil (9, Table Il). Chlorine substitu-
ents of 2 had only a slightly inhibitory effect on the carbo-
nium ion alkylations of uracil and 6-methyluracil. Yields
of the 5-[(2,4-dichloro)diphenylmethyl]uracils (10 and 11,
Table I1) were only a few per cent lower than the yields
for the corresponding 5-(diphenylmethyl)uracils (7 and 8).
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Table |
iV-Diarylmethylpyrimidines and
[(2-Diphenylmethyl) thio ]Jpyrimidine

3 ct 6 204 13
4 2,4-ClxaH3 185-187 18
5 cth5 158-159 51
6 cth5 104 63

However, the chloro substituents had a pronounced inhib-
itory effect upon the reactions with 4,6-dihydroxypyrimi-
dine and 4,6-dihydroxy-2-(methylthio)pyrimidine. A 40%
yield of 5-[(2,4-dichloro)diphenylmethyljuracil (12, Table
I) was obtained from 2 and 4,6-dihydroxypyrimidine,
compared with a 78% vyield of 4,6-dihydroxy-5-(diphenyl-
methyl) pyrimidine (13, Table Il) obtained from 1 and
4,6-dihydroxypyrimidine. A very low yield of 5-[(2,4-di-
chloro)diphenylmethyl]-4,6-dihydroxy-2-(methylthio)pyri-
midine (14, Table II) resulted from 4,6-dihydroxy-2-
(methylthio)pyrimidine and 2 while the similar 4,6-dihy-
droxy-2-methylpyrimidine reacted quantitatively with 1to
give 4,6-dihydroxy-5-(diphenylmethyl)-2-methylpyrimi-
dine (15, Table II).

Scheme 11
Ar
/
HOCH HOA
\ b3 T
cth5 or
SnCl,

Barbituric acid was alkylated by diarylmethyl cations
without the aid of strong acid catalysts, but the yields
were low (Table Il), even with longer than usual reaction
times. When either stannic chloride or boron trifluoride
was present, alkylation with 1, 4-chlorobenzhydrol, or 2
gave good to excellent yields of the respective 5-diaryl-
methylbarbituric acids (16, 17, and 18). The alkoxy
groups of 3,4-diethoxybenzhydrol retarded the alkylation
reaction of barbituric acid (19, Table I1), but this effect
was less than that observed with the 2,4-dichloro- and 4-
chlorobenzhydrols. Tritylation of barbituric acid was ac-
complished, but because of an unusual and interesting
behavior of the product the results will be reported in an-
other paper.

A Lewis acid catalyst did not enhance the diphenyl-
methylation of 6-aminouracil. The yield of 6 amino-5-
(diphenylmethyl)uracil (20, Table Il) obtained without
the catalyst was twice that with the catalyst. Alkylations
of hydroxypyrimidines by diphenylmethyl cation were at-
tempted in concentrated sulfuric acid and in polyphos-
phoric acid; both were unsuccessful because of low yields.
Sulfuric acid, added to the acetic acid solution, may have
catalyzed the reaction of 1 with 4-amino-6-hydroxy-2-pyri-
midinethiol to give a 52% yield of 4-amino-6-hydroxy-5-
(diphenylmethyl)-2-pyrimidinethiol (21, Table II).

A Lewis acid catalyst was not required for the reaction
between 1 and 6-amino-1,3-dimethyluracil. Alkylation at
the 5-carbon position was at least 80% complete in hot
acetic acid. Partial hydrolysis of the 6-amino group oc-
curred and the reaction mixture yielded the major prod-
uct 1,3-dimethyl-5-(diphenylmethyl)barbituric acid (22)

Whitehead, Whitesitt, and Thompson

and the minor product 6-amino-1,3-dimethyl-5-(diphenyl-
methyl)uracil (23, Scheme 111).

Scheme 111

+ HOCH(CEH5)?2

22 23

Xanthen-9-ol is completely oxidized to xanthen-9-one
within 15 min in hot acetic acid. Successful competitive
alkylations of pyrimidines by xanthen-9-ol occurred rapid-
ly or otherwise not at all. Barbituric acid and 4,6-dihy-
droxypyrimidine gave excellent yields of the corresponding
5-(9-xanthenyl)pyrimidines (24 and 25, Table III). At-
tempted reactions with uracil and thiouracil, on the other
hand, failed because of their low solubility in acetic acid.
Cytosine gave a 55% yield of 5-(9-xanthenyl)cytosine (26,
Table IlI), but only a very low yield of 4-amino-5-(diphen-
ylmethyl)-2-hydroxypyrimidine (27, Table II) was ob-
tained from cytosine and 1

Scheme IV

Since fluoren-9-ol was oxidized in acetic acid, reactions
of this tricyclic carbinol with hydroxypyrimidines were
not attempted. The reaction of 10, llI-dihydro-5/7-diben-
zo[a,d]cyclohepten-5-0l with uracil gave a moderately
good yield of 5-(10,llI-dihydro-5//-dibenzo[a,d] cyclohep-
ten-5-yl)uracil (28, Table IlIl) and with barbituric acid
gave an excellent yield of 5-(10,ll-dihydro-5//-diben-
zo[a,d]cyclohepten-5-yl)barbituric acid (29, Table III).
The large dibenzo[a,d]cycloheptene group of 29 is restrict-
ed from freely rotating about the bond to the pyrimidine
ring. The nmr doublet signal, centered at 3.85 ppm from
the pyrimidyl-5 proton, and the doublet, centered at 4.50
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Table 11
5-Diarylmethylhydroxypyrimidines and 5-Diarylmethyl Mercaptopyrimidines

V A

>
* %
No. R Ri Rj
7 HO HO H
8 HS HO H
9 HO HO CH3
10 HO HO H
11 HO HO ch3
12 H HO HO
13 H HO HO
14 CH> HO HO
15 ch3 HO HO
16 HO HO HO
17 HO HO HO
18 HO HO HO
19 HO HO HO
20 HO HO nh2
21 HS nh2 OH
27 HO nh2 H

\
CAE

Ar Mp, °C % yield
CeH6 298-300 96"
CeH6 264 99
CEH5 285-287 80b
2,4-C1,CE6H3 294 81, 95*
2,4-CICEH 3 247-249 71b
2,4-CITEH 3 305 40
ch 6 329-330 78
2,4-CIC@H3 255 14
CXHs >300 98
CH5 220 98¢k’
4-CICH 4 NO«1 73"
2,4-CITeH3 234 67,“./ 83"
3,4-(CH®)2CH3 180-182 42
cth5 330-342 67"
cth 5 170-180* 52
cth 5 236 4h

“SnCl4was used as catalyst (5 g/0.1 mol). bWith BF3catalyst (5 g/0.1 mol). * The yiejd was 56% without BF: catalyst.
dSolvated. «The yield was 37.5% without BF3 <The yield was 22% without catalyst. « The yield was 38.5% with SnCh
catalyst. hThe same reaction conditions were used for compound 21.

Table 111
5-(9-Xanthenyl)- and 5-(10,lI-Dihydro-
5H-dibenzo [ad]cyclohepten-5-yl)pyrimidines

Compd
no. X R Ri Ri Mp, °C % yield
24 0 HO HO HO 290 81
25 0 H HO HO 285 95
26 0 HO H2N H 320 dec 55
28 (CH22 HO HO H 295 68

29 (CH22 HO HO HO 244-246 85

Scheme V

ppm from the 9,10-dihydrobenzo[a,d]cycloheptenyl-5 pro-
ton, have J values of 9 Hz indicating that the molecule

Table IV
Aralkyl Malononitriles and Malondiamides
X
/
R— CcH
\
X
Compd
no. R X Mp, °C % yield
30 (CeHjZXH CONHyj 285 91,2
31 24-CIXEHXHCEHS5 conh?2 270-274 55.6“
32 (CHHXTH C=N 62-64 87
33 2,4-CIXEH3XHC6H6 C=N 108-114 85
34 chd* C=N 184 75
35 (CeHHT c=N 155 45.5

“The yield was reduced to 47.4% when glacial acetic
acid was used as the reaction solvent. bXanthen-9-yl.

exists approximately two-thirds of the time in the trans
configuration. Rotation of the xanthen-9-ol group bonded
to the 5 position of barbituric acid, as in 25, is not re-
stricted and the signals from the vicinal protons at the
bond are split by only 3 Hz.

An alternate synthesis of 5-diarylmethylpyrimidines was
investigated wherein malonic acid derivatives were al-
kylated by arylmethyl cations, and the products were cy-
clized. Malononitrile failed to react with either 1 or 2 in
hot acetic acid and, when boron trifluoride was added,
exothermic reactions occurred to give intractable mixtures
of products. However, the two carbinols did react with
malondiamide in acetic acid and boron trifluoride
(Scheme VI) but gave low yields of the diarylmethyl-
malondiamides (30 and 31, Table 1V). Yields improved
when the solvent was formic acid and a nearly quantita-
tive yield of diphenylmethylmalondiamide (30) was ob-
tained. The halogen substituents of 2, here again, retard-
ed the carbonium ion reaction and a lower yield of 24-
dichloro(diphenylmethyl)malondiamide (31) resulted. The
malondiamides (30 and 31) were dehydrated with phos-
phorus oxychloride in acetamide to give good yields of the
corresponding diarylmethylmalononitriles (32 and 33,
Table 1V). The reactions of xanthen-9-ol and triphenyl-
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Cyclizations of 2-Diarylmethylmaforidiamides (Compounds 12 and 13

% yield of % recovery of

Base HCONH-, ml (CHs):SO, ml Temp, °C Time, hr pyrimidine diamide
KOC(CHi), 150 0 Reflux 3 <2« ca. 90
NaOCTR 50 d Reflux 10 0* ca. 100
KOC(CH33 50 50 100 15 46.8" 26
NaOCHs 50 50 100 15 38.8“ 52
NaOCH, 40 60 135 16 53.2« 25
NaOCH3r 50 50 125 15 78" 17
NaOCH3 50 50 125 15 60.5“ 25
NaOH 50 50 125 7 8.6" 75

“ Results for 4,6-dihydroxy-5-(diphenylmethyl)pyrimidine. bAfter the initial addition of 2.2 equiv (6 g) of NaOCHU, 2 g

was added at 2- and 4-hr intervals. “ Results for 5- [(2,4-dichloro)diphenylmethyl ]-4,6-dihvdroxvpvrimidine.

methanol with malononitrile in acetic acid were uncom-
plicated and gave good yields of the arylmethylmalononi-
triles (34 and 35, Table 1V).

tively removed by catalytic reduction9 to give 5-diaryl-
methylpyrimidines.

Experimental10 Section

Scheme VI 1-Diarylmethyl-2(li/)-pyrimidones (3 and 4), 3-(Diphenyl-
Ar methyl)-4(3H)-pyrimidinone (5), and 2-[(Diphenylmethyl)-
.conh2 / thio]pyrimidine (6) (Table 1). 2-Hydroxy-, 4-hydroxy-, and 2-
hx " + HOCH thiopyrimidines (0.1 mol) were heated separately with 0.1 mol of
conh?2 \ the appropriate diarylcarbinol in 50-100 ml of glacial acetic acid
cthb for 5-8 hr in the absence of a catalyst. The solid products, ob-
conh?2 . CN tained by pouring the cooled solution into water, were crystallized
A\r AT from mixtures of benzene-petroleum ether, ethyl acetate-petrole-
/ICH --CH — ACH- CH um ether, and dilute alcohol.

chs \ chs \ This same procedure was repeated with 2-hydroxyprimidine
conh2 CN and benzhydrol with 5.0 g of boron trifluoride etherate. The yield

30,Ar= Cens 32, Ar = CoHf, was increased by 2%.

31,Ar= 2,4-CIC6H3 33,Ar=24-ClX6H3

5-Diarylmethyluracils (7-11) (Table I1). Uracil, 2-thiouracil,
or 6-methyluracil (0.1 to 0.80 mol) and an equal molar quantity of
the appropriate diarylcarbinol were added to glacial acetic acid
(100 ml for each 0.1 mol of the uracil). Five grams of boron tri-
fluoride etherate or 3-5 g of SnCl4 was added for each 0.1 mol of
the uracil. The mixture was heated at refluxing temperature until

NC the reaction was complete, usually about 5 hr. The reaction end
>H -C (C &5a point was determined by periodically withdrawing and inspecting
NC samples. The product precipitated and crystallized when a sam-

35

The malondiamides (30 and 31) failed to cyclize when
heated neat with formamide, with formamide in formic
acid, or with formamide and formic acid in dimethylfor-
mamide. Cyclization also failed with formamide in acetic
acid, in sulfuric acid, or in polyphosphoric acid. Only
small yields of the desired pyrimidines (12 and 13, Table
V) were obtained when formamide was heated with 30
and 31 in alcohol in the presence of sodium methylate.
The most complete cyclizations (Scheme VII) were ac-
complished in dimethyl sulfoxide solution with formamide
and 2.2 mol equiv or more of either potassium iert-butox-
ide or sodium methoxide (Table V).

ple of a completed reaction solution was added to cold water. Oily
mixtures, containing some diarylcarbinol acetate, were obtained
from incomplete reaction mixtures. The completed reaction solu-
tion was cooled and poured into cold water. The solid product
was collected by filtration, washed several times with water, and
crystallized from alcohol-water mixtures.

The above procedure was repeated with uracil, with the excep-
tion that diphenylmethyl bromide was substituted for the diaryl-
carbinol. The yield of compound 7 was 74%.

5-Diarylmethyl-4,6-dihydroxypyrimidines (12-15) (Table II).
4,6-Dihydroxypyrimidine, 4,6-dihydroxy-2-(methylthio)pyrimi-
dine, or 4,6-dihydroxy-2-methylpyrimidine (0.1 mol) and benzhy-
drol or 2,4-dichlorobenzhydrol (0.1 mol) were added to 100 ml of
glacial acetic acid. SnCl4 (2-6 g) was added and the mixture was
heated at refluxing temperature for 4-5 hr. The cooled reaction
mixtures were poured into cold water. The precipitated products
were collected and crystallized from alcohol.

5- Diarylmethylbarbituric Acids (16-19) (Table Il1). Barbitur-

Scheme VI ic acid (12.7 g or 0.1 mol) and the appropriate diarylcarbinol (0.1

KO-i-C4H9 mol), boron trifluoride etherate (5 g) or SnCl4 (3 g), in 100-200 ml

Ar CONH2 or of glacial acetic acid were heated at refluxing temperature for 2-5

CH— CH + HCONH NaOCH3 hr. The reaction time was 2-5 days when the Lewis acid catalyst

" (@20 was not used. The products were isolated and purified in the

QR CONH manner described in the previous paragraph.

' 6- Amino-5-(diphenylmethyl)uracil (20) (Table 11). Two

OH mixtures were prepared, consisting of 0.1 mol (12.7 g) of 6-ami-

Ar )= N nouracil and 0.1 mol (18.4 g) of benzhydrol in 100 ml of glacial

ICH —d ) + HD + NH3 acetic acid. Four grams of SnCl4 was added to one mixture. Each

mixture was heated at refluxing temperature for 24 hr. The prod-

chs [-n uct was isolated in the manner described in a previous paragraph.
OH 4-  Amino-5-(diphenylmethyl)-6-hydroxy-2-pyrimidinethiol

12,Ar= CEeH5 (21) (Table I1). Benzhydrol (19.8 g or 0.1 mol), 4-amino-6-hy-

13,Ar=2,4-Cl2CeH3

The 5-diarylmethyluracils 10 and 7 were converted to
the corresponding 2,4-dichloropyrimidines and the halo-
gens on the pyrimidine ring were selectively and quantita-

droxy-2-pyrimidinethiol (14.2 g of 0.1 mol), and 1 ml of concen-
trated H2S04 were added to 100 ml of glacial acetic acid. The
mixture was heated at refluxing temperature for 6 hr, then cooled
and added to water. The product was collected and crystallized
from benzene, ethyl acetate, and alcohol.
5-Diphenylmethyl-I,3-dimethylbarbituric Acid and &6-



Diarylmethyl Cations with Aminopyrimidines

Amino-5-(diphenylmethyl)-I,3-dimethyluracil (22 and 23). 6
Amino-1,3-dimethyluracil (15.5 gor 0.1 mol) and benzhydrol (19.8 g
or 0.1 mol) were heated under reflux foT 6 hr in 100 ml of glacial
acetic acid. The cooled solution was added to water. The precipi-
tated solid was collected and was crystallized from methanol to
yield 20 g or 65% of 5-(diphenylmethyl)-1,3-dimethylbarbituric
acid (22), mp 167-168°.

Anal. Calcd for Ci9H18N203: C, 70.79; H, 5.63; N, 8.69. Found:
C, 70.73; H, 5.77; N, 8.82.

The methanol filtrate from the above crystallization was con-
centrated to give 6-amino-5-(diphenylmethyl)-1,3-dimethyluracil
(23) that melted at 225° after several recrystallizations, yield 5 g
or 15.5%.

Anal. Calcd for CI19H19N302: C, 71.01; H, 5.96; N," 13.08.
Found: C, 71.08; H, 5.93; N, 12.87.

5-(Xanthen-9-yl)- and 5-(10,I1-Dihydro-5ft-dibenzo[a,d]cy-
clohepten-5-yl)pyrimidines (24, 26, 28, 29) (Table IIl). To 0.1
mol of barbituric acid, 4,6-dihydroxypyrimidine, or cytosine in
200 ml of glacial acetic acid was added 0.1 mol of xanthen-9-ol. A
dark blue color developed almost immediately upon heating and
appeared to become less intense as the reaction proceeded. The
alkylation was rapid and by all indications was complete within
15 min. The reflux temperature was maintained for 1-2 hr and
the cooled mixture then diluted with water. The solid products
were crystallized from alcohol or a mixture of alcohol and DMF.

TJracil (0.2 mol) and barbituric acid (0.2 mol) in HOAc were
separately heated with 0.2 mol of 10,ll-dihydro-5if-dibenzo[a,d]-
cyclohepten-5-ol and 20 g of boron trifluoride etherate. After 3-5
hr the products were isolated as described above and crystallized
from alcohol.

2-Diarylmethylmalondiamides (30 and 31) (Table 1V).
Malondiamide (0.05 mol) and the appropriate diarylcarbinol (0.05
mol) were dissolved in 20 ml of hot 100% formic acid. Five drops
of boron trifluoride etherate were added and the solution was
heated under reflux for 10-12 min and then cooled. The solid
product, precipitated by adding cold water, was washed with
water and with ether and then crystallized from alcohol.

2-Diarylmethyl-, 2-(Xanthen-9-yl)-, and 2-Triphenylmethyl-
malononitriles (32-35) (Table 1V). The diarylmethylmalondiam-
ides (30 and 31) previously decribed were dehydrated by heating
DA mol of the diamide with 35-45 ml of POCI3 in 25 g of acet-
amide for 3 hr at the refluxing temperature. The reaction mixture
was poured onto ice and extracted into ether. The ether solution
was washed with water, dried, and evaporated to yield the crys-
talline products (32 and 33).
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Malononitrile (0.11 mol) was heated with triphenylcarbinol (0.1
mol) or with xanthen-9-ol (0.1 mol) in 50 ml of acetic acid. The
reaction with xanthen-9-ol was complete in about 2 min, while
the mixture containing triphenylcarbinol was heated for 8 hr. The
cooled mixtures were added to water and the precipitated solids
then crystallized from benzene,

Cyclizations of 2-(Diphenylmethyl)- and 2-(2,4-Dichloro)di-
phenylmethylmalondiamides (12 and 13) (Table V). The 2-diar-
ylmethylmalondiamide, 30 and 31 (0.1 mol), was heated in a mix-
ture of formamide and DMSO containing 2.2 molar equivalents of
either potassium teri-butoxide, sodium methylate, or sodium hy-
droxide. The products were precipitated by adding very dilute
HC1. The 5-diarylmethyl-4,6-dihydroxypyrimidines were sepa-
rated from unreacted 2-diarylmethylmalondiamides by crystalli-
zation from alcohol.

Registry No.—3, 40016-23-7; 4, 50278-30-3; 5, 50278-31-4; 6,
50278-32-5; 7, 50278-33-6; 8, 50454-83-6; 9, 50278-34-7; 10, 50278-
35-8; 11, 50278-36-9; 12, 50278-37-0; 13, 50278-38-1; 14, 50278-39-2;
15, 26920-22-9; 16, 50278-41-6; 17, 50278-42-7; 18, 50278-43-8; 19,
50278-44-9; 20,50278-45-0; 21, 50278-46-1; 22, 50454-84-7; 23,
50278-47-2; 24,50278-48-3; 25, 50278-49-4; 26, 50278-50-7; 27,
50278-51-8; 28,50278-52-9; 29, 50278-53-0; 30, 13023-11-5; 31,
50278-55-2; 32, 1846-19-1; 33, 50278-57-4; 34,6235-15-0; 35, 50278-
59-6; 2-hydroxypyrimidine, 2209-57-6; 4-hydroxypyrimidine,
4562-27-0; 2-thiopyrimidine, 1450-85-7.
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The reactions of diarylmethyl and dibenzomethyl cations with aminopyrimidines were investigated to deter-
mine the relative, reactivities of the pyrimidine nucleophilic centers. While diarylmethyl cations reacted at the
amine nitrogen of 2-aminopyrimidine, the diphenylmethyl cation reacted at both amine nitrogens of 4,6-diami-
nopyrimidine. Condensed dibenzomethyl cations reacted with 2-aminopyrimidine at the 2-amine nitrogen and
at the 5-carbon position. The 9-xanthene cation reacted only at the 5 position of 4,6-diaminopyrimidine to yield
4.6- diamino-5-xanthen-9-ylpyrimidine. The relative affinity for these two positions is discussed. The 2-amino-
4.6- dichloropyrimidine, substituted at the 5 position by diarylmethyl cations with accompanying hydrolysis of
one chlorine, yields 2-amino-6-chloro-5-(diarylmethyl)-4-hydroxypyrimidines. A novel amino displacement of a
2-hydroxy group was apparently facilitated by the presence of the 5-(diphenylmethyl) group. Diphenylmethyl
cation reacted with 4-amino-6-chioropyrimidine, followed by hydrolysis of the chlorine, to yield a mixture of 4-
amino-5-(diphenylmethyl)-6-hydroxypyrimidine and 4-[(diphenylmethyl)amino]-6-hydroxypyrimidine.

Investigations in these laboratories have shown that 5
(diarylmethyl)pyrimidines have important antimicrobial
as well as plant growth regulating properties.1’2 Explora-
tions into possible novel synthetic routes to these com-
pounds led to this study of aralkylations of pyrimidines.
Electrophilic substitutions by arylmethyl cations were
shown, in the previous paper, to occur at the 5-carbon
atom when the electron density of that position was en-

riched by hydroxy groups adjacent to nuclear nitrogens.
While amino groups have electronic effects qualitatively
similar to hydroxy groups, all previously reported alkyla-
tions of aminopyrimidines occurred at a nitrogen atom.3'4
Substitutions of aminopyrimidines by diarylmethyl cat-
ions are not only influenced by the electron densities of
the nucleophilic centers but also by the nature of the at-
tacking carbonium ion. Aminopyrimidines were allowed to
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react with an appropriate diarylcarbinol in boiling glacial
acetic acid. The compounds 2-aminopyrimidine and 2-
amino-4,6-dimethylpyrimidine reacted with benzhydrol,
4-chlorobenzhydrol, 2-methoxybenzhydrol, and 3,4,5-tri-
methoxybenzhydrol to give the corresponding 2-((diphenyl-
methyl)amino]- or 2-substituted-[(diphenylmethyl)amino]-
pyrimidines, compounds 1-12 (Table 1). The nmr data
were consistent with the assigned structures, and tic of
the reaction mixtures indicated they were the only prod-
ucts formed. Addition of bromine to an acetic acid solu-
tion of 2-[(diphenylmethyl)amino]pyrimidine readily
yielded 5-bromo-2-[(diphenylmethyl)amino]pyrimidine
(13). Triphenylcarbinol failed to react with 2-aminopyri-
midine after 18 hr.

Condensed dibenzomethyl cations, depending upon
their structure, react with 2-aminopyrimidine at either
the 2-amino nitrogen or 5-carbon position to give a mix-
ture of two products, or they react exclusively at the 5-
carbon position. Xanthen-9-ol and 5//-dibenzo[a,d]cyclo-
hepten-5-ol reacted only at the 5 position to yield, respec-
tively, 2-amino-5-xanthen-9-ylpyrimidine (14) and 2-
amino-5-(5ii-dibenzo[a, d]cyclohepten-5-yl)pyrimidine
(15). When reacted with 2-aminopyrimidine, 10,11-dihy-
dro-5f/-dibenzo[a,d]cyclohepta-l,4-dien-5-0l  yielded a
mixture of 2-(10,ll-dihydro-5//-dibenzo[a,d]cyclohepta-
l,4-dien-5-ylamino)pyrimidine (6) and 2-amino-iV2,5-bis-
(10,ll-dihydro-5fi-dibenzo[a,d]cyclohepta-l,4-dien-6-yl)-
pyrimidine (16). In the presence of excess 2-aminopyri-
midine, 6 was formed exclusively. Reacting slowly with
only the 2-amino group, 9-hydroxyfluorene gave after 24 hr
starting material and 2-[(fluoren-9-yl)amino]pyrimidine (1)
in 8% yield. The relative specificity for the 2-amino or 5-
carbon position appears below.

2-amino position 5-carbon position

Benzhydrol reacted at both amino groups of 4,6-diami-
nopyrimidine to give a small yield of 4,6-bis[(diphenyl-
methyl)amino]pyrimidine (17). An nmr spectrum of the
crude reaction mixture indicated the presence of unreact-
ed 4,6-diaminopyrimidine. Xanthen-9-ol reacted with
4,6-diaminopyrimidine only at the 5 position to give 4,6-
diamino-5-xanthen-9-ylpyrimidine (18) in good yield, but
after 64 hr 9-hydroxyfluorene failed to react with 4,6-di-
aminopyrimidine. Xanthen-9-ol is oxidized completely to
xanthen-9-one when dissolved in acetic acid at room tem-
perature and allowed to stand for 15 min. Reactions of
xanthen-9-ol with 2-aminopyrimidine or with 4,6-diami-
nopyrimidine must be completed rapidly upon contact.

Pyrimidine and pyrimidine sulfate each decomposed
when heated in glacial acetic acid with benzhydrol. The
only isolated product was (diphenylmethyl)acetamide.
Xanthen-9-ol failed to react with pyrimidine at lower
temperatures, and xanthen-9-one was obtained.

Both benzhydrol and 2-methoxybenzhydrol reacted at
the 5 position of 2-amino-4,6-dichloropyrimdine. One of
the chlorine atoms of 2-amino-4,6-dichloropyrimidine was
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2- [(Diarylmetgy?lt))la?n!ino ipyrimidines

H
N
} — NHR
N
H
%

No R Ri yield® Mp, "C*"
I CiHnd H 8 200-201
2 (4CIC64XTH H 3 179-180
3 4-CIC6H,,CHXCH H 49 127
4 (C6HHXH H 58  160e
5 2CHCHLHEH H 50 149
6  CisH ~ H 71 175-177
7 (4ClCe 4XH CHS 21 125-127
8 4-CICH L 6H TH CHa 31 118
9 (CHOXH CH3 62 126-127

10 2CHOCHL G TH CHa 50 165-166

11 345 (CHD)TEHXTHTH H 71 150

12 345 (CHY)XHXXEGXLH CHa 51 158-59

° All yields were determined from analytically pure com-
pounds. bThe melting points are corrected. cSatisfactory
analytical data (£0.4% for C, H, N, etc.) were reported
for all new compounds listed in the paper. dFluoren-9-yl.
eLit. mp 145-246° (19). 110,lI-Dihydro-5H-dibenzo[a,d\-
cyclohepta-l,4-dien-5-yl.

RHN—i

X
1—12,X=H and CH3
R = fluoren-9-yl (X = H only); (4-CIC6H42CH;
(4-CIC6H4(CBHHCH; (C6HH2CH; (2-CH30C6H4(C6HE5CH;
10,ITdihydro-5//-dibenzo[a,d]cyclohepta-l,4-dien-5-yl
(X = H only); (3,4,5-(CH30)3C6H2) (C6HHCH

NH,

NH2
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Nmrﬁat}le(xe L!r the
[(2-Diarylmethy fammo ipyrimidines

7
=N
Y 4 }— NHCHR
/~ N
/ X W
Z R,

Compd - W —emeeeee Chemical shifts 5 ppm&-------------------
no. Ri wH X Y z
le H 6.31 7-8 6.69' 8.35*
2 H 6.40 7.57 6.53' 8.17-*
3 H 6.34 g 6.37f 7.94"
4 H 6.43 9 6.28' 7.87¢
5 H 6.61 g 6.33' 8.02"
6 H 6.73 6.29' 8.05"
7 ch3 6.45 g.73 6.28e 2.23e
8 ch3 6.38 5.76 6.28e 2.20e
9 ch3 6.51 6.20e 2.17e
10 ch3 6.67 %.11 6.23e 2.21e

11 H 6.38 7.92 6.35' 7.87¢

12 ch3 6.35 6.73 6.28e 2.23e

“R represents two aryl groups (compounds 2-5, 7-12)
or two condensed aryl groups (compounds 1 and 6). bThe
solvent was CDCh, unless otherwise designated. ' Solvent
was (CD3Z0. dDoublet. *Singlet. ' Triplet. " Under
aromatic region.

hydrolyzed during the substitution reaction to give 2-
amino-6-chloro-5-(diphenylmethyl)-4-hydroxypyrimidine
(19) and 2-amino-6-chloro-4-hydroxy-5-[2-methyoxy(di-
phenylmethyl)]pyrimidine  (20), respectively. When
warmed in acetic acid, 2,4,6-trichloropyrimidine did not
react with xanthen-9-ol and the trichloropyrimidine was
not hydrolyzed under these conditions. This result and the
fact that 2-amino-6-chloro-4-hydroxypyrimidine reacted
with benzhydrol to yield compound 19 suggest that one
chlorine of 2-amino-4,6-dichloropyrimidine is hydrolyzed
before substitution occurs. The hydrolysis of one of the
chloro groups of 2-amino-4,6-dichloropyrimidine and the
unreactivity of the trichloropyrimidine might also be at-
tributed to a greater degree of protonation in the 2-amino-
pyrimidine. Since 19, when treated with nitrous acid,

H
al
N—( A
A
cl
\
H,N— CHPh, CHPh,
H / H / \ H
10 I p A I 0
w N— N—(
HN— y HN—< >-CHPh20={ >—CHPh2
NH, |_I| nh2
23

22
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Nmr Data for [AminToa(H!%rlJI'methyl) ipyrimidines

19-23
Compii  ---mmmv —Chemical shiifs s ppm-

no. Ri R, W X* Y »

14e 6.05 8.05» 5.16
15e 11.50 7.63» 5.44
18« 8.34» 5.92
19e NH, CI 6.97b 11.18 5.70
20' NH, Cl 6.57b 11.00 6.00
2le  HO Cl 6.62 6.62 5.70
22e  HO NH, 9.936 10.38 5.78b 5.47
23' nh2 NH, 5.346 993 6.1D 5.61

«R represents two aryl groups (compounds 19-23) or
two condensed aryl groups (compounds 14, 15, and 18).
bBroad signal. cSolvent was CDC13 + (CD3Z0. dCom-
pound was soluble only in trifluoroacetic acid; the NH2pro-
ton signals could not be observed. eSolvent was (CD;i);SO.
' Solvent was CDC13 “ Singlet.

yielded 4-chloro-2,6-dihydroxy-5-(diphenylmethyl)pyrimi-

/ dine (21), the possibility that the diphenylmethyl group

might have been on the 2-amino position was eliminated.
When 21 was treated with alcoholic ammonia at 150°, the
6-chlorine was displaced with NH2 to yield 6-amino-5-
(diphenylmethyl)-2,4-dihydroxypyrimidine (22). Unexpect-
edly the 2-hydroxy group exchanged with ammonia to give
a second product, 2,6-diamino-5-(diphenylmethyl)-4-hy-
droxypyrimidine (23). By comparing the nmr spectra of
compounds 19 and 23, it became obvious that the diaryl-
methyl group was on the 5-carbon. Exchange of the 2-hy-
droxy group with ammonia is facilitated by the presence
of this 5-(diphenylmethyl) group, since 6-aminouracil re-
mained unchanged when treated with alcoholic ammonia
at 150°. The reaction of benzhydrol with 4-amino-6-chlo-
ropyrimidine yielded a mixture of 4-amino-5-(diphenyl-
methyl)-6-hydroxypyrimidine  (24) and 4-[(diphenyl-
methyl)amino]-6-hydroxypyrimidine (25). Hydrolysis of the
6-chlorine also occurred in the reaction of 4-amino-6-chloro-
pyrimidine with 2-methoxybenzhydrol, but only one prod-

NHCHPhe

24
NH,

{ y— cHPh2
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uct, 4-amino-6-hydroxy-5-[2-methoxy(diphenylmethyl)]py-
rimidine (26) was isolated.

Confirmation of Structures by Nmr Spectra

Signals for protons at the 4, 5, and 6 positions of com-
pounds 1-6 and 11, as well as signals for protons of the 4-
and 6-methyl groups of compounds 7-10 and 12, are given
in Table " Singlet signals at 6.20-6.28 ppm (Y, Table "
are from protons at position 5 when methyl groups are at
both the 4 and 6 positions. Protons at positions 4 and 6
split the signals for protons at position 5 by 5 Hz, and the
resulting triplets have centers at 6.28-6.53 ppm. Protons
at positions 4 and 6 are less shielded and have doublet
signals with centers at 7.87-8.17 ppm, split 5 Hz by a pro-
ton at position 5. The signal for 4- and 6-methyl protons
occurs at 2.17 and 2.23 ppm Z\Z, Table 3

The doublet signals between 6.34 and 6.67 ppm (Y,
Table 11) for the CH protons of the diarylmethyl groups
are split 8 Hz by the adjacent 2-amino proton.

The high field position of signals at 5.16-6.00 ppm (Z,
Table Il1l) and their singlet character show that com-
pounds 14-19 and 21-23 have the diarylmethyl group at
the 5 position.

Experimental Section

All melting points are corrected. The nmr spectra were deter-
mined by the Varian HA-60 instrument.

2-[(Diarylmethyl)amino]pyrimidines (Table I, Compounds 1-
12). 2-Aminbpyrimidine or 2-amino-4,6-dimethylpyrimidine (0.1
mol) and 0.1 mol of the appropriate diarylcarbinol were dissolved
in 100 ml of glacial acetic acid. The solution was heated under re-
flux for 8 to 24 hr, cooled, and poured into water. The solid prod-
ucts were washed thoroughly with water, and the oily products
were extracted into ether. The ether solution was washed with
water, concentrated, and eventually crystallized. All the products
were purified by crystallizing from EtOAc-petroleum ether.

5-Bromo-2-[(diphenylmethyl)amino]pyrimidine (13). After 2-
[(diphenylmethyl)amino]pyrimidine (10 g, 0.038 mol) was dis-
solved in 50 ml of acetic acid at room temperature, bromine in
acetic acid was added dropwise until the bromine color persisted;
the mixture was added to 500 ml of water. The insoluble product
was collected and recrystallized from EtOAc, mp 167°, yield 2.2 g
(17%).

The nmr signal, in dimethyl sulfoxide solution for the methyl
proton of the diphenylmethyl group is a doublet with peaks at 6.3
and 6.45 ppm. The signal for the-4 and 6 protons of the pyrimi-
dine ring is a singlet at 8.24 ppm, which indicates the 5 proton
has been substituted by bromine.

Anal. Calcd for Ci7H14BrN3: C, 60.01; H, 4.14. Found: C,
60.17; H, 4.25.

2-Amino-5-xaathen-9-ylpyrimidine (14). 2-Aminopyrimidine
(0.1 mol, 9.5 g) and xanthen-9-ol (0.1 mol, 19.8 g) were added to
80 ml of glacial acetic acid and heated to refluxing temperature
for 18 hr. The solution was added to 400 ml of water. The insolu-
ble material was shown to be a mixture. It was separated on a
chromatographic column of 1 kg of Grace silica gel, grade 950,
with CHCI3and yielded 4.3 g (15%) of 14, mp 213°.

Anal. Calcd for Ci7Hi3N3d: C, 74.16; H, 4.73; N, 15.26. Found:
C, 74.12; H, 4.87; N, 15.26.

The substitution reaction was slow enough to allow xanthen-9-
ol to be partially oxidized to xanthen-9-one. Both xanthen-9-one
and unreacted 2-aminopyrimidine were isolated from this chro-
matography.

2-Amino-5-(577-dibenzo[a, d)cyelohepten-5-yl)pyrimidine (15).
2-Aminopyrimidine (0.1 mol, 9.5 g) and 5ff-dibenzo[a,d]cyclohep-
ten-5-ol (0.1 mol, 20.8 g) were dissolved in 100 ml of glacial acetic
acid and heated under reflux for 28 hr. The mixture was poured
into water, and the solid was collected by filtration. The product
was crystallized from alcohol, yield 16.3 g (57%), mp 241°.

Anal. Calcd for CI9H15N3: C, 79.97; H, 5.30. Found: C, 80.00;
H, 5.40.

2 - (10,11 -Dihydro-5H-dibenzola, d]cyclohepta-1,4 -dien-5-y 1-

amino)pyrimidine () and AP.S-BM1o,! I-dihydro-s H-di-
benzo[a,d]cyclohepta-l,4-dien-5-yl)-2-aminopyrimidine (16).
10,ll-Dihydro-5/f-dibenzo[a,d]cyclohepta-l,4-dien-5-0l (0.2 mol)
and 2-aminopyrimidine (0.2 mol) were dissolved in 200 ml of glacial
acetic acid and heated to refluxing temperature for 64 hr. The
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cooled mixture was added to water, and the insoluble solid was
collected. Tic showed the crude solid to be a mixture of two com-
pounds. These were characterized by nmr as compound 6 (80%)
and compound 16 (20%). The crude mixture was developed on a
silica gel column (CHC13) to yield 16 (8.4%), mp 146° (crystal-
lized from EtOACc).

Anal. Calcd for C34H29N 3: C, 85.14; H, 6.10; N, 8.76. Found: C,
85.14; H. 6.36; N, 8.75.

When the above reaction was repeated with a 20% excess of 2-
aminopyrimidine, the precipitated solid yielded only compound 6
(Table I) (EtOAc).

4.6- Bis[(diphenylmethyl)amino]pyrimidine (17).
nopyrimidine (0.1 mol) and benzhydrol (0.1 mol) were added to
150 ml of glacial acetic acid, heated to refluxing temperature for
24 hr, cooled, and added to water. The oil partly crystallized after
standing for several days in fresh water. The solid was collected
on a suction funnel and recrystallized from EtOAc, yield 2.1 g
(9.6% based on the benzhydrol), mp 234°.

Anal. Calcd for C30H26N4: C, 81.41; H, 5.92; N, 12.66. Found:
C, 81.24; H, 5.91; N, 12.89.

4.6- Diamino-5-xanthen-9-ylpyrimidine (18). A solution
xanthen-9-ol (19.8 g, 0.1 mol) and 4,6-diaminopyrimidine (11 g,
0.1 mol) in 150 ml of glacial acetic acid was heated to refluxing
temperature for 24 hr, then cooled and poured into cold water.
The solid product was collected, and a sample was developed on
tic with EtOAc. Only one spot was evident after exposure to io-
dine vapor. The product was recrystallized from EtOH, mp 288°
dec, yield 61%.

Anal. Calcd for C17H14N40: C, 70.33; H, 4.86; N, 19.30. Found:
C, 70.62; H, 4.55; N, 19.05.

2-Amino-6-chloro-5-(diphenylymethyl)-4-hydroxypyrimidine
(19). 2-Amino-4,6-dichloropyrimidine (0.1 mol, 16.4 g) and benz-
hydrol (0.1 mol, 18.4 g) were dissolved in 80 ml of glacial acetic
acid, heated to refluxing temperature for 24 hr, and poured into
400 ml of water. The solid product was-crystallized from EtOAc-
petroleum ether and yielded 7.1 g (46%), mp 253°.

Anal. Calcd for Ca7H14CIN30: C, 65.48; H, 4.52; N, 13.47; ClI,
11.37. Found: C, 65.27; H, 4.69; N, 13.20; Cl, 11.42.

2-Amino-6-chloro-5-(diphenylmethyl)-4-hydroxypyrimidine was
prepared in a similar manner from 2-amino-6-chloro-4-hydroxy-
pyrimidine and benzyhydrol, mp 254°, yield 25%.

2-Amino-6-chloro-4-hydroxy-5[(2-methoxydiphenyl)methyl]-
pyrimidine (20). 2-Amino-4,6-dichloropyrimidine (0.1 mol, 16.4
g) and 2-methoxybenzhydrol (0.1 mol, 21.4 g) were reacted in the
manner described for the preparation of 19, yield 14%, mp 255-
256°.

Anal. Calcd for C18H16CIN302: C, 63.24; H, 4.21; N, 12.29; CI,
10.37. Found: C, 63.23; H, 4.83; N, 12.07; Cl, 10.38.

6-Chloro-5-(diphenylmethyl)-2,4-dihydroxypyrimidine  (21).
To a cooled solution (20% of 2-amino-6-chloro-5-(diphenylmethyl)-
4-hydroxypyrimidine (0.08 mol, 25.0 g) in a minimum amount of
glacial acetic acid, was added, gradually, sodium nitrite (0.17
mol, 11.72 g), and the solution was stirred for 18 hr. One liter of
water was added to the solution. The product was collected and
crystallized from EtOAc-petroleum ether, mp 238° yield 15.7 g
(62.19%).

Anal. Calcd for Ci7Hi3C1N20 2: C, 60 28; H, 4.18; N, 8.97; CI,
Il1. 33. Found: C, 65.45; H, 4.22; N, 9.05; ClI, 11.26.

6-Anuno-5-(diphenylmethyl)-2,4-dihydroxypyrimidine (22)
and 2,4-Diamino-5-(dipheny]methyl)-6-hydroxypyrimidme
(23). 6-Chloro-5-(diphenylmethyl)-2,4-dihydroxypyrimidine (0.02
mol. 7.0 g) was dissolved in excess alcoholic ammonia and heated
at 150° for 12 hr in a bomb. The solution was evaporated. The re-
sulting solid was shown by nmr to be a mixture of 6-amino-5-
(diphenylmethyl)-2,4-dihydroxypyrimidine (30%) and 2,4-diami-
no-5-(diphenylmethyl)-6-hydroxypyrimidine (70%). The latter
was separated from the mixture by crystallization from EtOAc,
mp 248°, with characteristic nmr signals as presented in Table
111. This compound (23) had an nmr signal, in deuterated chloro-
form, identical with the nmr signal of 2,4-diamino-5-(diphenyl-
methyl)-6-hydroxypyrimidine in deuterated chloroform. Com-
pound 23 gave a mass ion of 292 (calculated 292) as determined
on the Varian Mat 731 mass spectrometer.

6-Amino-5-(diphenylmethyl)-2,4-dihydroxypyrimidine was also
isolated with good recovery of the amount indicated by the spec-
trum, mp 324°.

Anal. Calcd for Ci7Hi5N302: C, 69.91; H, 5.15; N, 14.32.
Found: C, 69.70; H, 5.27; N, 14.20.

4-Amino-5-(diphenylmethyl)-6-hydroxypyrimidine (24) and
4-(Diphenylmethyl)amino-6-hydroxypyrimidme (25). 4-Amino-
6-chloropyrimidine (0.1 mol, 13 g) and benzhydrol (18.4 g) were

4,6-Diami-

of
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added to 80 ml of glacial acetic acid and heated under reflux for
16 hr. The product was precipitated with water and was crystal-
lized from dilute alcohol. The C, H, and N analyses were correct
for C17Hi5N30, but the nmr spectra indicated a 50:50 mixture of
4-amino-5-(diphenylmethyl)-6-hydroxypyrimidine and  4-[(di-
phenylmethyl)amino]-6-hydroxypyrimidine. The mixture was
separated on a silica gel column with CHC13. Each compound
was characterized by its nmr taken in dimethyl sulfoxide; the as-
signments are shown below.

H H
61 61
v NY ° y ny °
Nvvd
N'y X CHPh2
ha a NHCHPh;
C c a
S ppm 5 ppm
a, 5.66 a,6.03
b, 7.82 b, 7.87
¢, 5.97 c, 7.80
e, 11.75 d, 5.22
e, 11.75

4-Amino-6-hydroxy-5-[2-methoxy(diphenylmethyl)]pyrimi-
dine (26). 4-Amino-6-chloropyrimidine (0.1 mol, 13.0 g) and 2-
methoxybenzhydrol (0.1 mol, 21.4 g) were added to 80 ml of acetic
acid and heated under reflux for 16-hr. The product was precipi-
tated by adding the mixture to 400 ml of water. It was purified by
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crystallization from EtOAc-petroleum ether, yield 14 g (43%), mp
293° dec.

Anal. Calcd for C18Hi7N302: C, 70.34; H, 5.58; N, 13.67.
Found: C, 70.29; H, 5.81; N; 13.88.
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Dimetalated Heterocycles as Synthetic Intermediates. V. Dianions Derived
from Certain 2-Hydroxy-4-methylpyrimidines, 2-Amino-4-methylpyrimidines,
and Related Compoundstl
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A convenient new method, involving dianion intermediates, has been developed for side-chain elaboration of
2-hydroxy-4-methylpyrimidines (la-c), 2-anilino-4-methyl-6-phenylpyrimidine (15a), 2-amino-4-methylpyrimi-
dine (15b), and 2-methyl-4(3//)-quinazolinone. The dianions, prepared by twofold metalation of the parent het-
erocycles with n-butyllithium in THF-hexane or sodium amide in liquid ammonia, reacted with benzyl chloride
and carbonyl compounds to selectively establish exocyclic carbon-carbon bonds. Reaction of 4-hydroxy-2,6-di-
methylpyrimidine (8) with 2 equiv of n-butyllithium produced a mixture of isomeric dianions (9a-b) in which
9a, resulting from abstraction of a proton from the 4-methyl position, predominated.

Although certain 2-hydroxy-, 2,4-dihydroxy-, 2-amino-,
and 2,4-diaminopyrimidines containing a nuclear methyl
substituent have been reported to undergo active hydro-
gen reactions such as aldol and Claisen condensations,2
such processes generally appear to involve only low, equi-
librium-controlled concentrations of carbanionic species.
Recently, Klein and Fox3 have used the Wittig reaction of
phosphonium salt 4 with several aldehydes for the synthe-
sis of 6-substituted uracils. We now describe a simple new
method for elaboration of the methyl group of 2-hydroxy-
pyrimidines (1) which avoids the necessity for hydroxyl
masking or the preparation of phosphonium salts such as
4. The procedure is based on initial generation of dianions
(2) , followed by treatment with various electrophilic re-
agents to form the appropriate C-substituted derivatives

(3) . Dianions derived from pyrimidines possessing other

arrangements of hydroxyl and methyl, as well as those
having suitably positioned mercapto and methyl, anilino
and methyl, or amino and methyl groups, can be formed
and utilized in a similar fashion.

la, R, = CH3 R2=cth5 2a, R, = CH3 R, = C&i5
b, R, = CtH5 R2= H b, RAQft; Ro=H
¢, Ri=CH3 R, =H ¢, Rj = CH3 R, =H
d, R, = CHECH22 R2= COIl5
Ri OH
Y 1
N o
H IA HO~A N XCHP(CHHZL

3 4
Results and Discussion

In an initial search for suitable basic reagents, the read-
ily available 2-hydroxy-4,6-dimethyl-5-phenylpyrimidine
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Dimetalated Heterocycles as Intermediates

(la)4 was used as a model substrate foT dianion formation.
Since alkali amides and organolithium reagents had pre-
viously4'5 been reported to be suitable for lateral metala-
tion of a few methylpyrimidines not possessing a second

active-hydrogen substituent, sodium amide and n-butylli-..

thium complexed with N,N,N',N'-tetramethylethylenedi-
amine (TMEDA)6 were tested for their ability to effect
twofold deprotonation of la. Treatment of la with 2
molar equiv of ra-butyllithium complexed with TMEDA in
THF-hexane at 0° resulted in excellent conversion of la
into dianion 2a (M = Li) as evidenced by deuteration and
by alkylation with benzyl chloride to form 3a (Table 1).
Dianion 2a (M = Li) underwent carbonyl addition reac-
tions with benzophenone and cyclohexanone to give carbi-
nols 3b-c in good yields, while acylation with methyl ben-
zoate gave the highly enolic phenacylpyrimidine 3d. For-
mation and benzylation of 2a (M = Na) was also accom-
plished satisfactorily by means of 2 molar equiv of sodium
amide in liquid ammonia. However, attempted condensa-
tion of disodio 2a with cyclohexanone resulted mainly in
enolization of the ketone. For this reason, the more cova-
lent dilithio salts reported herein are recommended for
reactions with aliphatic carbonyl compounds. Treatment
of phenethylpyrimidine 3a with 2 equiv of n-butyllithium-
TMEDA afforded predominately dianion 2d (M = Li) as
shown by benzylation to form symmetrical derivative 3e.

Next, it was demonstrated that a 5-phenyl substituent
was not necessary for dianion formation and that TMEDA
could also be eliminated without severely hampering the
twofold ionization process. Thus, reaction of Ib with 2
equiv of n-butyllithium followed by benzyl chloride af-
forded C-benzyl derivative 3f. Further evidence for the
presence of dianion 2b (M = Li) was obtained by reac-
tions with benzophenone, cyclohexanone, anisaldéhyde,
and heptaldehyde to form 3g-j, respectively. Dehydration
of carbinols 3g and 3i with p-toluenesulfonic acid (PTSA)
in refluxing benzene afforded styryl derivatives 5a b in
yields of 85 and 65%, respectively. Acylation of 2b (M =
Li) with methyl benzoate and ethyl acetate yielded py-
rimidinyl ketones 3k-1. Dianion 2b (M = Na) could also
be prepared by means of sodium amide in liquid ammo-
nia, as shown by reactions with benzyl chloride and ben-
zophenone to give 3f and 3g in yields comparable to those
obtained with dilithio salt 2b.

53, R, = OH; R, = CH5R3= R4=QR
b. R, = OH;R>= C&H5 R, = pCRORH,;R4=H
¢, R, = OH; R, = CH3R3= R4= C&H5

While conversion of the hydrochloride salt of pyrimidine
Ic into dianion 2¢ (M = Na) with 3 equiv of sodium
amide in liquid ammonia was generally unsatisfactory, 2c
(M = Li) was generated, albeit in low concentrations,
using 3 equiv of n-butyllithium complexed with TMEDA
or l,4-diazabicyclo[2.2.2]octane (Dabco).7 Trapping exper-
iments with benzophenone and 3,4,5-trimethoxybenzal-
dehyde in the presence of Dabco afforded adducts 3m-n,
the former of which was dehydrated with PTSA to give
5c.

Reaction of 2-mercapto-4,6-dimethylpyrimidine with 2
equiv of n-butyllithium followed by benzyl chloride af-
forded a complex mixture of products from which 7 was
isolated in 29% vyield, thereby providing evidence for the
intermediacy of dianion 6. Pmr analysis of the crude
product mixture indicated the presence of S-benzylated
products also.
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To ascertain if there was any preference for dianion for-
mation at one or the other of two activated, but nonequiv-
alent, methyl groups, 2,6-dimethyl-4-hydroxypyrimidine
(8) was treated with 2 equiv of n-butyllithium and sepa-
rate reaction mixtures were quenched with benzyl chlo-
ride and n-butyl bromide. Alkylation with benzyl chloride
gave monoalkyl derivatives 10a-b and dialkyl derivative
10c in yields of 48, 13, and 7%, respectively, while alkyla-
tion with n-butyl bromide gave the corresponding mono-
and dialkylation products lla-c in yields of 39, 18, and
8%, respectively (Scheme 1). These results are consistent
with predominant formation of dianion 9a.8 It seems un-
likely that dialkylated products 10c and 11c arise through
formation and alkylation of a dianion produced by ioniza-
tion of both methyl groups but not the hydroxy function,
or a trianion having both methyls and the hydroxyl ion-
ized, since initial formation of such intermediates in the
presence of 2 equiv of base should be cancelled by subse-
quent proton-metal exchange to form dianions 9a and 9b.
Moieover, it was demonstrated that treatment of 8 with 3
equiv of n-butyllithium followed by benzyl chloride did
not produce significantly higher yields of 10c than those
observed with 2 equiv of base. The most likely route to di-
alkylated products 10c and 11c therefore appears to in-
volve initial C-alkylation of either 9a or 9b followed by
proton-metal exchange between monoalkylated deriva-
tives 10a-b and lla-b (as the O-Li salts) and original di-
anions 9a-b to form the isomeric dianions resulting from
abstraction of methyl protons from 10a or 10b and 1la or
lib. Alkylation of these dianions then produces 10c and
1lc.

Scheme |
OH

10a, R = CHAR,
11a, R= reCH9

10b, R = CHZCGH5 10, R = CHAR,
lib, R = n-CH, 11c, R = n-CR,

Although the foregoing results indicated that a 4- (or 6-)
methyl substituent is more readily deprotonated than a
2-methyl group, we found that 2-methyl-4(3H)-quinazoli-
none, which may be regarded as analogous to a 4-hydroxy-
2-methylpyrimidine, could be converted into dianion 12
by means of uncomplexed n-butyllithium. Subsequent
condensations of 12 with benzyl chloride, ethyl bromide,
acetophenone, benzophenone, and anisaldehyde resulted
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Joc+32-1
EXPERIMENTAL SECTION

General. - Melting points were cbrained on a Thomas-Haover
apparatus in open capillaries and are uncorrected. Infrared spectra were
obtained on efcher 4 Beckman IR-SA Or & Beckman IR 20A-X spectrophoto-
meter. PAr spectra were obtained on a Varian A-60 or a JEOL JMN-PS-100
instrument wich chemical shifts expressed in parts per million downfield
from THS {nternal standard. Microanalyses were performed by Galbraith
Laboratories, Knoxville, Tenn.; M-H~ Laboracories, Garden Ciey, Mich.;
and this laboratory by T. E. Glass employing a Perkin Elmer 240 Elemencal
analyzer. Thin layer chromatography (clc) wvas performed on Eastman 6060
precoated silica gel sheets, and spors were detected with uleravielec
Light. ALL evaporations were carried ouc {n vacuo.

certay Tetrahydrafuran (THF) vas diacilled from Lishiua
ride immdiately before use. N,N,N',N' Tecramethylethylene-
dtomine ('r‘!;m) was distilled from calcium hydride and stored ove
“Linde" type A molecular sieve E-buryllichiun (us 2 solution in
hexane) vas obrained from Foote Mineral Company, Exton, Pa. or Ventron
Corporation, Beverly, Mass. All other e et Teagents vere used with-
out furcher ,mnqum.

2-Hydroxy. 1-5-ph 10) and 2-h
mthy\—s—ph!nylpyrindmz (Ib) wvere prepared by the method of Hauser
and Manyik.” *2-Anilino-4-methyl-6-phenylpyrimidine (15a) was prepared
by dispiacenent of chlorine from 2-chiotordomethyl-6-phanylpytiidias by
means of reumng sailise and had mp 116-] m‘ afcer recrystallizacion
from aqueous echan r (CHC13) 3400 cu~l (WH); pmr (DHSO-d0) & 2.64
(s, 3, Gij), 8.12 (-. n. aromatic), and 10. ~a (s, 1, NH).

Anal. caled for CyjMysNy: C, 78.13; H, 5.79; N, 16.08,
C, 78.03; B, 5.94; N, 15.78.

General Procedure for the Preparacion and Reaccions of Pianions
2ah (M=Li) " — The following specific procedures involving diamion 2a
(HaLi) are representative of those uged to prepare other C-substitured
derivatives of la-b via the appropriate dianioms.

A. Preparation of Disnion 2a (M=Li). -- n-Butyllithium (51 ul of 1.6 ¥
hexane solution) vas added (via lYl’ingz) To a magaecically stirred
of (la) (8.00 g,
40 mmol) and THEDA (9.30 8, B2 m0l) in 250 ml of THF at 0° wnder mitro-
gen. After 0.5 ey Ehe yellow solution was assumed co contatn 40 msol
MLy .

Found:

of dianion 2a

B. Deuteration. —~ Deuterium oxide (15 ml) was sdded to a splution of

10 mmol of 24 (MeLi) in 150 ml of THF-hexane. The two-phase mixture was
extracted vich two 100 ml portions of ether, which were discarded. The
deuterium oxide solution was neutralized with concencrated HCl; the pre-
cipitated pyrimidine (1a) vas collected, washed with 100 ml of ether. 5 ml

of deuterium oxide, and then dried. Integration of the pur spectrun (DHSO~dg)
of this -ltlrul revealed incorporation of 0.8D iato the methyl group of la. 13

Joc-32-4

Anal. Caled for Cyg (N,

€, 79.44; W, 5.75: N, 9.72.
Preparation and Benzylation of Dianion 6 (M<Li). -- n-Butylithium

(51 al of 1.6 M hexane solution) was added to a stirred suspension of
Z-‘rcip(o-é 6-dimechylpyrimidine (5.60 g, 40 msol) in 250 @) of THF

0° under nitrogen. The resulting brown suspension was stirred for
o5 Yo before the addition of a solution of benzyl chloride (5.30 g,
42 mool) in 50 ml of THF. After 3.5 hr, the reaction miXture was
poured inco 150 ml of cold water, and the layers vere sepsraced. Tne
aqueous layer was washed with 100 ml of ether, and the combined organic
excracts were discarded. The aqueous solution vas neutralized with con-
cencrated HC1. Tlc of the resulting oil indicated the presence of four

€, 79.14; K, 5.59; N, 9. 72, Found:

Upon standing at 0°, the oil crystallized to afford 2.63 g (29%) of 2-mer-
capto-4-mathyl-6-phenethylpyrimidine (7), vhich vas recrystallized from
ethanol: =p 165-166°; pur (DMSO-de) § 2.14 (s, 3, CHy), 2.76 (s, 4, CH
5.56 (s, 1, py), and 7.10 (s, 5, aromatic).

Anal. Caled for CyH) N)S: C, 62.83; ¥, 6.09; ¥, 12.17, Found:
C, 68.13, H, 5.97; N, 11.89.

Senzylarion of che Dllhio Salis of 3,6-Dinechyl-tohydroxypyrinidine
(8). — n~Bucyllichiva (11,05 al of 1.9K hexane solution was added to a
stirred solution of 2,6-dimethyl-4-i hydroxy'pyrtnldhxe (1.24 g, 10 mmol) in
125 Bl of THF at 0° under nitrogen, and the resulting yellow suspension
via stirred for 1 hr before the addition of bentyl chlorlde (139 b 11
@mwol). Afcer 2.5 ir, the reaction solution vas poured into 100 ml of

fced vater, and the two-p Xture vas neutralized with concentrated
HCL. The organic phase was separated, and the aqueous phase was extracted
with two 100 =1 portions of ether. The combined organic extracts were
dried (KgSO,), and che solvent was evaporaced. The resulting yellow oil
was chromatdgraphed on silica gel. Elution wvith benzene-acetone gave
initially, 0.21 g(7%) of 2,6-diphenethyl-4-hydroxypyrimidine aw,
@ 158-161°, after recrystallizacion from acetone-hexane. Addirl
recrystaflizacions raised the mp to 16151657 ir (CHCL,) 3040 (i) and
1645 ca (Ca0); par (DMSO-dg) & 2.%6 (a, 8, CHy), 5.94 (3, 1, py), and
7.10 (s, 10, aromatic).

nal. Caled for CpghyM,00 C, 78.91; M, 6.62; N, 9.21,
C, 78.693 H, 6.33; N, 9.05.

Continued elution with benzene-acetone afforded 0.26 g (13%) of

” y1~4-hydroxy (10b), mp 160-165° afcer

recrystallizacion from acetone-hexane. Two additional Teoitajn
fave analytically pure material, mp 166-167': ir (KBr) 1655 cu = (C0)
por (DMSO-dc) & 2.12 (s, 3, CHy), 2.82 (m, 4, CHy), 5.9 (s, 1, py). and
7.16 (s, 5, ‘aromacte).

Anal. Caled for C 3, N)0t C, 72.87; H, 6.59; N, 13.08.
€, 73.04; H, 6.84; N, 13.13.

Found:

Found:

Joc-32-"
and neutralized with dilute NH,OH. The resulting aqueous solution,
concaining an oil, vas extractéd with three 100 =l portions of ether.
The etheresl excracts were dried (¥2)50,), and the solvent was evsporated
to give an 0il which crystallized on’scdnding. Recrystallization from
aqueous uhlnul gave 4.70 g (70%) of 2-anilino-4-phenyl-6-phenethyl-
pm-mm (172)

with (4.00 g, 22 mool),
as a snx /v solution in THF, vas added to a stirred solution of 20 mmol

of 16a (ML1) in THF-hexane, and the mixture was allowed to stir for 2

hr. The reacrion mixture was poured inco 100 2l of cold, dilyce HCl.

NaHCO, folloved by 100 en dried. Recrystallization
from echanol gave 7.8 g (90X) of 2-anilino-4-phenyl-6-(2-hydroxy-2,2-
dlphenyhl.hyl)vyd-ldh\a (Am).

densation with 3 A—Dmnau—a'-ummmumxth ophenone. -~
A s0% ulv FoTras 3,4-d1chloro-4 ~crifluorome thylbenzophenona (1.2 g,
32 mol) n THF was added to 30 mmol of 16a (ML1) in THP-hexane, an:
the reaction was stirred for 2 hr. The aixture was poured into 100 al
of cold, dilute HCl, and the crude hydrochloride salt was collected
and then neutralized with diluce NH,ON. The free base was extracted
into echer and the resulting etheredl solurion was saturated with gaseous
#CZ o glve a prectpicate which was callected and dried. Cry-uuxuclun
from aqueous echanol afforded 16.23 g (852) of 2-anilino-S-phen

droxy-2-(4- )-2-3,

pyrimidine hydrochloride (17¢).

E. Condensation with Cyclohexanone. — A solution of cyclohexanone
(3.12 g, 32 =m01) in 10 ul of THF was added to 30 mmol of 16a (MeLi).
After 2 hr, the reaction mixture vas poured into 150 ml of cold wacer:
the layers vere separated, and the agueous layer was extvacted with
three 100 l portions of ether. The combined organic extracts e
dried (49,50,), and the solvent vas ({raporated o give wn oil u

2 on standing. ron aqueois’ethanor affordad
5.91 g {552) of 2-anili ¢
pyrimidine (12d).

Cond ens.[im with Anisaldehyde. — A 50X v/v solution of mlsﬂd!hydz
(3.00 g, 22 mo; THF vas added o 20 meol of 16a (MeLi) in THF-hexane.
After 2 hr, Lhe ralak(m was poured {nto 50 ml of cold, dilute HCL; the
resulﬂ-ﬂ] precipitate was collected, washed with water, dilute
OH, and Hﬂkex once Aglin. Crystallization from ethanol gave 6.20 g
(B2) o 2-mm (2-nyd Yeehy1]
(o).

3 2.51 g, 22 mwol),
as 508 Vi setatio ms. vas added to 20 mool of l6a (HeL1)| an
the resulting mixture was stirred for 2 hr before being hydrolyzed with
150 ml of cold vater. The layers vere separated, and the aqueous layer
vas extracted with two 100 ml portions of ether. The combined organic
extracts vere dried (Mg50,), and the solvent was removed. The resulting
o1l was dissolved in 200 al of ether, and the ethereal solution vas
saturated wich gaseous HCl. The resulting precipitate was collected and
recrystallized from echyl acetate to provide 3.28 g (40% of 2-anilino-

1 an.

JOC~32-2
(13) Although neutTalization of the reaction mixture with HC1 may have
effected some side-chain deurerium incorporation by scid-catalyzad wo
exchange, see T. J. Batterhan, D. J. Brown, and M. N. Paddon hem.

Snc,, E. 171 (1967), the extent of deuteration is cansxs[tnl ulll\ thQ
Lelds of condensation products and chus appracs co provide o valsd
:ll:imuz of carbanioy formation .

C. Benzylation. -- Renzyl chloride (5.3 g, 42 mmol), as a 50% w/v sosu
tion {n THF, was added to a solution of 40 mmol of 2a (M=Li) in 250 ml
THF-hesane.  The Tetstion was alloved to sCiY fox Zr befors being o qugl\chcd
with 150 ml of cold vater. The organic phase was separaced and discarded,
and the aqueous phase was neutralized wi The resulting pracipi-
tate vas =ou-cmd. dried, and uuyuauu from aqueous ethanol ta afford
8.81 g (76%) of 2-h pheny - idine (3a)

0. ity a.3 .Aum7,.-
a ST solution in THY, was added €0 a solutlon of 40 mmol of Za (MLL) &

250 ml of THF-hexane, After 2 hr , the reaction mixture was poured Lm:n 150
al af mm water e organic phase was separaced and discarded.

aqueo neutralized vith 6N HC1 to form a white precipitite; uhich
vas gollu:(nd men and crystallized from echanol to give 13.5 g (897) of

-pheny 2 P (36).

E. Condensation with Methyl Benzoate. -- A solution of methyl benzoate

(1.36 g, 10 wmol) in 10 ml of THF was added dropwise to a solution of 20 mmal
of 2a (MeLi) in 75 ml of THE, The reaction mixture was stirred for 2 hr
before being poured into 100 ml of cold water. The organic phase vas sep-
arated and discarded, The aqueous phase vas neutralized with concentrated
HCL ko produce a yellov soltd which was collected, dried, and crynuumd
from ethanol to afford 2.10 g (69%) of 2-h; P!
pyrimidine (3d).

Preparation and Reactions of Dianion 2 (MeLi). - n-Butyllithium
(75 al of a 1.6 H hexane solution) vas added o a srirred slurry of
(1c)

brd 5 60 o)
md DABCO 413 4 8, 120 mmol) in 250 ml n( THF € 0° under nitrogen.
After 0.5 hr., benzophenone (7.03 g, 40 mmol), as a 50% w/v solution fn
THF, was added. The gesulting mixture was allowed to stir for 2 hr

5
precipitate vas collected, washed with 100 ul of vater followed by 100 ml
of ether, dried, and recoyscallised from ethyl acatace to dtford 2.45 g
(211) of xy= 6-(2-hydroxy-2, Ga).

Similarly, condensation of 2¢ (MeLi) vith 3,4,5-crimethoxybenzaldehyde
gave pyrimidine (3) in 10% yield.

General Procedure for he Preparacion and Reaccions of Dianiong 2a-b

M=Na) . — The following specific procedures involving dianicn 2b (MeNa)
ara representative of those used to prepare ocher C-substituted derivatives
of lach by means of sodium amide in liquid ammonia.

Preparation Of Disnion 2b (HeNa). -- 2-| Hydroxy—s-pethyl-5-phenyl-

pyumdme (1) (5.43 g, 30 mwol) was added to 62 of sodium amide
(prepared from 62 ag~atom of sodfum) n 300 ml of Hqujd anmcnia contain-

ing a catalytic amounc of ferric nitrate. Afrer 0.5 hr , the resulting
red solution vas assumed to contain 30 mool of 2b (MeNa).

Joc-32-
Further elution with beazene-acetone gave 1.02 g (48%) of 2-methyl-
A-hydrnxy-é-phuechyxwuuduu (10a), mp 125 5-127° after recryu-zuu-
tion from acetone-hexane: ir (CHC1;) 1665 ca ' (C=0); par (3MS0-d

22 G0 3, ) 202 G b, Gy, 35.88 (s, 1, py), and 7.12 (s, §, aro-
mats
fnal. Caled for C 8 N,0: C, 72.87; B, 6.39; N, 13.08. Foun

€, 73.17; H, 6.62; K, 13.25.

Benzylation of 2,6-Dimethyl-4-hydroxypyrimidine in the ?unm:a of
3 Equiv of n-Butyllithium. -- n-Butyllithium (5.80 =l of 1,94
solution) was added to a solution of 2,6-dimechyl- A-nydxnrywrx-xdm. ®
(0.62 g, 5 mol) 1in 50 Bl of THF ac O° under nitrogen. After 0.5 hr, a
solution of THEDA (0.66 g, 5.5 mool) {n 25 ml of THF was added, followed
by n-butyllichiua (2,90 al of 1,94 hexane solucicn). The resultin
Jellov-oramge slurry uas atirred for 1.5 hr betore the addicion of beneyl
chloride (1.46 g, 11.5 mol). After 2 hr, the reaction solution
poured into 50 51 of lced water, and the Aqueous mixture was neutselized
with concentrated HCl, The organic phase vas separated, and the aqueous
phase was extracted with two 50 ml portions of ether. The combined
organic extracts were dried (MgSO,), and the solvent was evaporated.
Chromacagtaphy of the resulcing ofl (eluting with benzeme~acetone) afforded
0.26 g (172) of 10c, 0.04 g (4%) of 10b, and 0.35 g (33%) of 10a.

of the Dilithio Salts of 2 dine
{8). — A solution of I-bromobutse (.01 g, 22 amol) in 25 &l of THF
was added dropwise to a stirred slurry of 20 mmol of the dilithio salc
98 (propared 1o deacribed in the previous experizent) in 200 ml of
THF-hexane at 0° under nitrogen.. After 2 hr, the reaction solution was
povred into 100 ml of iced water, and the aqueous mixture was neutral-
ized with concentrated HCl. The organic phase was separatec and the
aqueous phase vas extracted with two 100 ml portions of ether. The combined
organic extracts vere dried (Mg50,), and the solvent vas evaporate:
The resulring brown oil was chromatographed on silica gel. :1 tion
with echer-hexane gave, initially, 0.37 g (8Z) of 2,6-dipen:
hydroxypyrimidine (J_() as an oil, bp 182-185° (1 mm): ir (fﬂln) 1675 ca
(Ce0); pur (DMSO-d.3 6 0.80 (r, 6, C¥3), 1.20 (m, 8, CHp), 1.52 (m,
4, Gy, 2.92 (ay £, Cay), and 5.82 (6 1, By
Anal, Caled for clA“ZANZO' C, 71.14; H, 10.24; N, 11.85. Found:
C, 71.165 H, 10.44; N, 11.63
tinued elution with ether-hexane afforded 0.65 g (18%) of 4~
hydroxy-6-methyl-2-pentylpyrimidine (11b), mp 79-81° after rtwo recryscal-
lizations from pentane (Lit.lé mp 80-81%); plu (DMS0-dg) & 0.84 (c, 3,

(m G. W. Miller and F. L. Rose, J. Chem. Soc., 5492 (1963).

m3), 1.30 (m, 4. ‘:“z" ( 67 (m, 2, Cify)s 2,16 (s, 3, CHy), 2.52 (¢, 2,
), and 5.97 (a, 1Y

J00-32-8
£ Disnion l6a (MeNa) with — 2-Antlino-

thyl~6-pheayl-pyrimidine (158) (5.32 §, 20 miol) was adced (o a
seixred suspension of 40 mol of sodium Amide (prepared from 40 mg-arom
of wodiun) in 300 l of Liquid smmia. Atter, 015 br, the decp red
solution vas assumed to contain 20 mol of dianion 16a (MeNs). Benzo
phenone (3.64 §, 20 mol) vas then added. The aixture vas slioved to
sEix for 2 hr before the addition of 10 g of solia Ni,Cl. The amonia
was evaporated while being replaced with an equal volume of ether, and
then 100 ml of water vas sdded. The layers were separated and the aqueous
layer was extracted with rwo 100 ml portions of echer. The combined
echereal extracts were dried (Na,50,), and the salveat was evaporated
to sive wn oll which :rysr.alhxcg i At
gave 3.32 g (381) of

Benzylation of 15b in the Presence of 2 Mol Equiv of Sodium Amide. ~-
t-Aatno-i-sethylpyriaidine (USh) (.29 8, 30 mmol) was addec to 3 seiered
suspension of 62 mmo.

Sottum) tn 200 a1 of liquid ammonia. After the light green solutxnn had
been stirred for 0.5 hr, benzyl chloride (4.05 g, 32 wol), as a 50%
/v solution in anhydrous ether, was added. -n.n addiion caused the
reaction aixture to assups the urple color

After 1 hr, the reaction was quml:hed bY the
addizion of 10 g of solid NH,Cl. Replacemenc of the amsonia b
squal volume of ether followdd by addition of 100 w1 of vater caused the
formation of a solid at the interface. The solid vas collected, aried,
and crystallized from ethanol to give 0.64 g (11X) of 2-amino-i-
‘Phenethylpyrimidine (17g), mp 162-164° (lit. 15 mp mz 164°).  After

22, 909

(15) T. Matsukava and K. Shirakava, J. Pharm, Soc. Japan,
(1952).

removal of 178 by filtration, the ethereal layer was separated and dried
(Na, S Removal of the solvent and recrystallizacion of rhe Ieslllzlng
sol: d‘zrm e!hmbl afforded 1.04 g (61%) of stilbene, mp 122-1.

(lit. 124°

(16) T. W. J. Taylor ang A. R. Murray, J. Ches. Soc.

Benzylation of 1Sh in the Presence of 2 Mol Equiv of n-l Bucyliichiun, -

n-Butyllicthius (16.6 ml of a 1.9 H hexane solution) was added to a solu.
ot of 15 (1,84 8 ;s o) i 75 al of THE at o wder i erogen, and
the yellow-orange solution was stirred for 0.75 hr before the addition
o baneys ehioride (1.6 8 15 mol). After 2 hr, the reaction mixture
was poured into 75 al of cold water and neutralized wich concentrated
HCL. The organic layer vas separated, aad the aqueous layer was extracced
vith o 50 al portions of ether. The organic extracts were dried
por: Recrystallization of the
£rgp echanol afforded 0.14 g (5%) of 17z, mp 157-1597,

ap 162-164°).

. 2079 (1938).

mp 157-160° et

to @ solucion of 5
slurry was filtered to remove the precipitated lithium deuteroxide.

The filcrate was diluced with 100 ml of ether, dried (MgS0,), concentraced,
and the resulting deuterated product was dried overnight in vacuo. Pm
analysis (DMSO-d() of

8roup and 0.67D/dmino group of 15,

Murray, Hay, Portlock, and Wolfe

J0C-32.3
- Benzylation. -- Benzyl chloride (4.05 g, 32 mwl), as a 501 v/v
.oxuuon In anhydrous ether, was added to 30 mol of 7b (MeNa) in 300 ml
of Llquid amonia. After 2 hr, the reaction was quenched with 10 g of
seridm Cl, and the amonia was evaporated (steam bach) while being
replacedwith an equal volume of ether. Addition of 150 ml of warer
resulted in formation of a solid at the interface, which was collected,
dried, and crystallized from aqueous ethanol to afford 5.35 g (651)
of Z 30.

C. Condensation with Benzophenone. ~- An ethereal solution of benzophenone
(5.437g, 30 mmol) was added to 30 mmol of 2b (M=Na) in 300 ml of liquid

amonia, and cthe reaction mixture was stirred for 2 hr before the additton
of 10 g of Ni,Cl. The amonia vas reyhl:zd uith ethar, and vater (150
=l) was added'to the echercal suspension. The resulting solid was col-
lected and dried to give 7.48 g (68%) ni 2-hydroxy~b-phenyl-6-(2-hydroxy-
2 Z’Qiphenylakhyl)Pleding Qg).
reparation and Benzylation of Dianfon 2d (M=Li n-Bucyllichium
(16 n_\ of 1.6 M hexane luluzim was added lu a stirred suspmnun of
(5.56 3, 20 mmol) an
TMEDA (4.75 g, 41 smol) fn 230 =) of THF at o' under nicrogen. fro
0.5 hr, the resulting brown solution was assumed £o contain 20 msol of .
dianion 2d (MeLi). A solution of benzyl chloride (2.70 g, 21 mmol)
in 50 ml of THF was chen added, and after 2 hr, the reaction was poured
1nL0 100 ml of cold water. The two-phase mixture was neutralized with
ol uu, and the organic layer was separated. The aqueous layer was
d wich two 100 al porcions of ether. The combined organic extracts
vere aried (¥a. 50"), and the salvent was evnpntlt(ed to afford 4.33 g (572)
of

Dehydration of Alcohols 3g and 3. - The appropriate .lcnhal
and g few crystals of R—lﬂlllhnesullonic cTd vere Beackd Fos 34 WE
refluxing benzene. A!u\' cooling, the crude styryl derivative vas coll:r.[ed
by E{ltratfon and dric

Dehyd!ldan of carbinol 3g afforded, after rectystallization from
ethay, -(2, (52) in 85%
qu, np 236-238°; ir (CHC13) 3000 (vinyl CH) and 1640 co~l (c-o), pmr
(DMS0-4¢) 6 6.30 (s, 1, viayl), 7.74 (m, 16, aromatic and py), an
12.50 (s, 1, NH or OH).

Anal. Caled for C4H1gh,0: C, B2.26; H, 5.18; N, 8.00. Found:

C, 82.17; H, 5.34; N, 8.25.
Dehydration of 3i gave, after recrystallization fros echanol,
(5b) i 65% yleld:
=p 273-275%; ir (KBr) 340 (i or OW), 3025 (vinyl Ch), and 1630 cur
(C=0); par (DMSO-dg) & 3.96 (s, 3, OCH,), 7.74 (=, 12, aromacic, py,
and vinyl), and 12.42 (s, 1, NH or OH)>
anal. Caled for C, ,0y¢ €y 74.98; H, 5.30; X, 9.20. Found:

19%16%;
€. 75.22; H, 5.06; N, 8.95.

similarly, denydnuon of 3m afforded, after recrystallization from
ethyl acetate, Z-hydroxy 2, 1 (5¢)
in ldx yield; mp 244-247%; ir (CHC13) 2750 c™> (OK); par (CDCLy) &
2.24 (s. J, CH3), 5.76 (s, 1, vinyl), and 7.67 (m, 12, m:..m. P,
aad

J0C-324
Further elution with Ethzr-hcme gave [.41 g (397) of 4-hydroxy-
2-methyl-b-pentylpyrinidine (11c), mp 87-88.5° after recrysrallization
from petroleum ether: ir (CHC1.) 1655 et (C=0); pax (DS0-d,) &
082 (e, 3, CHy), L2 (m, & cﬂ),na(n.z GHy), 2.26 (5,°3, Gy
230 (r 2, G and 5.86 G5,
Anal. Calcd for Cm"xs“z“'
C, 66.77; H, 9.01; N, 15.62.

Preparations and Reactions of Dianfon 12. — n-Butyllithium (11.1 ml
of a 1,89 § hexane solution) vas added to 4 stirred solucion of 2-methyl-
4(3)-quinazolinone (1.60 §, 10 maol) in 125 al of € TIF ac 0 under
nirrogen. After 1 hr, the deep red solution was assumed to contain 10
mol of Gtanion 12, A solutfo of the appropiiate elecrophile. in
25 nl THF was then added dropuise. After 2 hr, the reaccion mixture
vas poured into 100 ml of lced vater, and the aqueous aixture vas neu-
tralized with concentrated HCl. The organic layer vas separaced, and
the squeous layer vas extracted with two 100 ml porcions of ether. The
organic extracts were dried (¥a,SO,), and the solvent was evaporated.
Recrystallization of the crude groducts from sppropcisce solvents
afforded 13a-e (Table 1). Although the mp of 13b uas somevhat lover
than chat. seperted by esrlier Saventigatore; the PE Spettrom of Sur
materfal vas completely consistent with the assigned structure: pur
©¥50-d0) 5 0.93 (¢, 3, CHy), 1,76 (m, 2, OHy), 2.39 (c, 2, CHy),
ad 7.78 (a, 4, aromacic).

Dehydration of Carbinol 134. -- The aleohol (0.50 g, 1.46 mmol)
was seirred in 25 ml of aqueous 1,50, (3:2) for 2.5 hr at room tempera-
ture, The reaction mixture was ppuréd into 100 ml of iced water and
Bade alkaline with concentrated NH,OH. The aqueous mixture was extracted
with two 25 ml porciens of chlorofér.
(4g50,), and the solvent vas evaporated to give a light yellow solid.
Recrystallization from ethyl acetate gave 0.37 g (791) of 2-(2,2-diphenyl-
etheayl))~4(3)-quinazolinone (13f), mp 207-208%: pur (DMSO-d,) § 6.83
(s, 1, viayl), 7.41 (a, 13, aromatic), and 8.03 (d, 2, aromatid).

P, 697 N, B.64.

c, 66.5&: , B.95; Ny 15.54. Found:

Mnal. Caled for CypH, N0 C, BL.6 Found:

C, 81.96; #, 5.16; N, 8.93.

Preparation and Reactions of Dianion 16a (MeLi). - n~Butyllithium
(37.5 @l of 1.6 M hexane solution) was added (via syringe) to a stirred
solution of 2-anilino-4-dethyl-6-phenylpyrinmidine (1) (7.85 g, 30 mmol)
in 150 ml of THF ac 0° under nicrogen. After 0.5 hr, ¢ {he deep e solu-
tion vas assumed to contaln 30 muol of dianion 16a (MeLi

A, Deuteration. ~- A solution of 16a (Meli) vas quenched with 15 ml

of deuterium oxide. After stirring for 0.5 hr, the layers were separated,
and the deuterium oxide solucion was extracted with tvo 100 al portions
of ether. The cobined organic extracts were dried (¥a,S0,), and the
solvent was evaporated to give deuterated 15a. Par analysfs (DMSO-dy)
disclosed incorporacion of 0.81D per methyl group.

B. Benzylation. — Benzyl chloride (2.78 g, 22 mmol), as a 5

solution in THF, was added to a stirred solution of 20 msol of léa (M=L1)
in THF-hexane. After 2 hr, the reaction was quenched by the addition of
50 ml of cold, dilute HCl. The precipitate which formed was collected

Benz hLiun af 15b in the Presence of 2 Mol Equiv of n-By 1lithi
TMEDA Complex. — n-Butyllithiua (51.3 @l of 1.6 M hexane solution)
was added to a 4oludon of 155 (4.36 g, 40 mmol) and TMEDA (9.51 g,
82 mol) in 200 ml of THF at 0° under nitrogen. After 0.5 hr, benzyl
chloride (5.30 g, 42 mmol), as a 50% v/v solution in THF, was added.
The reaction mixture vas allowed to stir 2 hr and was then worked up as
1n the ization fros echanol gave 2.83 g
(363) of phenethyl derivative 17g, mp 162-164°

nzylation of 15b in the Presence of 3 Mol Equiv of n- suqunmum -
of

n-BuLyllllhjnm (76 Bl of 1.6 ¥ hexane solution ) was added to

Solution of 13b (4.36 g, 40 =mo1) in 150 al of THF at 0° uder nitrogen.
After 0.5 hr, beneyl chloride (5.30 g, 42 unol) vas added as an 0% v/v
solutfon in THF. Workup of the reaction mixture after 2 hr sttoried
macerial vhose pmr specirs possessed 2 methylene envelope, char:

fetiatic of 3 abuyl group, at 0.72-1.68 ppa; Recrystalitsarion of this
materigl gave 1.87 g (24%) of 17g, mp 162-164°.

Preparation and Reactions of Dianion 16b (¥=Li) Ewploying 3 Mol Equiv
of n-Bucyllith{un-TNEDA Complex, ~- n-Butyllithium (76 al of a 1.6 ¥

bexane solution) vas added to a su)utiwn of 15b (4.36 g, 40 mmol) and
TVEDA (13.92 3, 120 msol) in 200 a) of THF at o' under nitcogen, and

o5 rascion Siviss e NErd. B appropriate eleccro-
phile vas added as a solution in THF, and the reuulllng reaction solu-
tion was scirred for 2 hr before workup.

Reactions of 16b (MeLi) with benzyl chloride, cyclohexanone, piperonal,
aud hepealdetyde vere quenched by pauring inco 100-200 al of cold water.
The products 17g and 17i-k were isolated by filtration or by extraction
vith ether, and then recrystallized from the appropriate solvent (Table Ij.

The condensation product of 16b (MeLi) vith benzophenone was obtained
by pouring the reaction mixture inco 100 ml of cold dilute KCl, collection
Of the resulting mixture of HCl salts, washing with diluce NH,OH, and
drying. Recrystallization from aqueous ethanol atfordsd [7h. "

Deuteratfon was accomplished by adding 0.5 ml of deuteriua oxide
mol of 16b (MLi) in THF. After 5 min, the resulting

this material revealed incorporation of 0. 76Dlwgr.hyl



Dimetalated Heterocycles as Intermediates

in selective modification of the original methyl group to
form 13a-e (Table 1). These reactions apparently repre-
sent the first examples of a'direct, general method for
side-chain elaboration of 2-alkyl-4(3H)-quinazolinones.9

It should be noted that attempts to effect either ther-
mal or PTSA-catalyzed dehydration of carbinols 13c and
13d resulted only in retroaldol reactions. Such lability is
attributed to the fact that these compounds exist largely
as the lactam tautomers (14) where the strategically posi-
tioned sp2 ring nitrogen acts as an intramolecular catalyt-
ic center for retrocondensation.10 However, dehydration of
13d to form 13f [R = CH=C(C6H5)2], without concurrent
retroaldol reaction, could be realized by means of aqueous
sulfuric acid. In this more acidic medium, protonation of
the ring nitrogen may prevent intramolecular degradation
of 13d, thereby allowing the normal mode of dehydration
to become the major course of reaction.

0

Turning next to several representative 2-amino-4-
methylpyrimidines, it was found that 2-anilino-4-methyl-
6-phenylpyrimidine (15a) underwent smooth twofold me-
talation with n-butyllithium complexed with TMEDA or
sodium amide in liquid ammonia to yield dianion 16a (M
= Li or Na). Reactions of these dialkali salts with a repre-
sentative series of electrophiles afforded methyl-substitut-
ed derivatives 17a-f in good yields (Table I).

Conversion of 2-amino-4-methylpyrimidine (15b) into
dianion 16b (M = Na) by means of sodium amide in lig-
uid ammonia was incomplete, as evidenced by stilbene
formation1l upon addition of benzyl chloride; the expect-
ed C-alkyl derivative 17g was isolated in only 11% vyield.
Reactions of 15b with n-butyllithium were characterized
by some rather unexpected stoichiometry. Thus, treat-
ment of 15b with 2 equiv of the alkyllithium reagent, fol-
lowed by benzyl chloride, afforded only a 5% yield of
phenethyl derivative 17g. Complexation of the organolith-
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ium reagent (2 equiv) with TMEDA effected an increase
in metalation of the 4-methyl group as shown by the for-
mation of 17g in 36% yield upon addition of benzyl chlo-
ride. When 3 equiv of uncomplexed rc-butyllithium was
employed, the yield of 17g was lowered to 24% owing to
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competition between metalation at the 4-methyl group
and addition of the alkyllithium to the azomethine link-
age. Subsequently it was found that 3 equiv of n-butylli-
thium-TMEDA complex effected metalation of the 4-
methyl group of 15b to an extent satisfactory for syntheti-
cally useful condensations with electrophiles. For exam-
ple, deuteration produced 15b containing 0.74 D/methyl
group, while alkylation with benzyl chloride afforded 17g
in 58% yield. Similarly, reactions with benzophenone, cy-
clohexanone, piperonal, and heptaldehyde gave the antici-
pated products 17h-k (Table I). Although we suspected
that the metalated species involved in these reactions
might be the trilithio salt resulting from abstraction of
both amino protons and a methyl hydrogen from 15b,12
this premise was negated by the absence of N-alkylated
products and by the finding that deuterium oxide quench-
es failed to incorporate more than one deuterium at the
2-amino group of 15b. It is therefore assumed that the
major reactive intermediate in the observed condensations
employing 3 equiv of alkyllithium-TMEDA complex is di-
anion 16b (M = Li).

In conclusion, it should be pointed out that the present
dianion approach to pyrimidine structure modification of-
fers a facile new route to numerous hydroxy- and amino-
pyrimidines from readily available starting materials
without requiring construction of the heterocyclic ring
from acyclic precursors.2 In the interest of experimental
convenience and ease of dianion formation the use of n-
butyllithium to sodium amide as the metalating agent is
preferred.
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The addition of lithium and Grignard reagents to isocyanides not containing a hydrogens proceeds by an a
addition to produce metallo aldimines. The lithium aldimines are versatile reagents which can be used as pre-
cursors for the preparation of aldehydes, ketones, a diketones, a-hydroxy ketones, a-keto acids, a- and /5-hy-

droxy acids, and silyl ketones.

There has been a paucity of work on the reaction of or-
ganolithium and Grignard reagents with isocyanides. In
1904 Sachs and Loevy3 added phenylmagnesium bromide
to methyl isocyanide and detected benzaldehyde from the
steam distillate. Gilman and Heckert4 24 years later veri-
fied this reaction and reported isolating a 2.5% vyield of
benzaldehyde; however, the use of ethyl isocyanide or
tert-butyl isocyanide proved unsuccessful. In 1961, anoth-
er attempt to use this reaction was made by Ugi,5 who
showed, under a variety of conditions, that the reaction of
phenylmagnesium bromide with cyclohexyl isocyanide
gave only a 1.5% yield of benzaldehyde.

The recent discovery in our laboratory that organolithi-
um reagents added to isocyanides6 prompted a reinvesti-
gation of this problem. This paper deals with the a addi-
tion of organolithium and Grignard reagents to isocyan-
ides to yield metallo aldimines (1) and the use of these
metallo aldimines as precursors for the synthesis of a vari-
ety of functional groups.

Results and Discussion

1-Metallo Aldimines. Metallo aldimines can be most
simply prepared by the a addition of an organometallic
reagent to an appropriate isocyanide.
RM + R'N==C n=C~" "R ~
R’ M
1 2

R'N=C”"R

Ihdb-

R'NH,+ + RCr
That metallo aldimine 1 is an intermediate is inferred
from the fact that addition of water to 1 yields the aldi-
mine 2, which can be isolated. Hydrolysis of 1 or 2 pro-
duces the corresponding aldehyde and amine salt. To re-
solve the question of whether 1 rearranges to give 3, the
metallo aldimine was quenched with D20 (>99%) and
then hydrolyzed. The deuterioaldehyde formed was shown
by nmr analysis to have greater than 98% deuterium in

the 1 position, which confirms the structural assignment
as I.

r\ -p/
?:ir — R2
M

la

> < /IR '
H
3

M = Li, MgBr

However, during the deuterolysis of various halomag-
nesium aldimines, it was observed that less than 100% of
the deuterium was incorporated into the C-I position, and
incorporation of some deuterium occurred at the C-2 posi-
tion (Table Ill). Several explanations could be conjectured
for the presence of deuterium at C-2. First, addition of
Grignard reagents to isocyanides requires several hours at
room temperature, in contrast to the rapid addition of
lithium reagents, and the long reaction time may permit
rearrangement of la to the more thermodynamically sta-
ble 3. Secondly, the metallo aldimine la could abstract a
proton from the ether solvent and finally a C-2 hydrogen
could be abstracted by la during deuterolysis.

To determine if the lithium aldimine was stable to rear-
rangement, two experiments were conducted. In the first
experiment, ethyllithium was added to 1,1,3,3-tetrameth-
ylbutyl isocyanide (TMBI) in diethyl ether at 0°. The
mixture was stirred for 75 min, then quenched with a five-
fold excess of D20. The aldimine was distilled, and from
the nmr spectrum the relative deuterium content at C-I|
and C-2 positions was determined (the methylene protons
of the 1,1,3,3-tetramethylbutyl moiety at 1.51 ppm were
used as an internal standard). Only 86% incorporation of
the deuterium occurred at C-l while 14% occurred at C-2.
The observation that 100% of the deuterium was incorpo-
rated into the aldimine suggests7 that la is not abstract-
ing a proton from the ether solvent, since if this were the
case less than 100% deuterium would be incorporated.

The other experiment that was performed involved the
addition of ethyllithium to TMBI in ether followed by
stirring the reaction mixture at 0° for 6 hr. An inverse ad-
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Synthesis of Aldimines and Aldehydes fromTﬁ%ealAddition of Organolithiums to Isocyanides

Overall % aldehydec

Isonitrile % aldimine (purity, %)
(registry no.) (registry no.) (registry no.)
TMBI 100

(14542-93-9)
TMBI

(49707-47-3)
100"
(49707-48-4)

Registry no. RLi Solvent
109-72-8 ra-Butyl Pentane
59830-1 sec-Butyl Pentane
/i-Butyl Ether
sec-Butyl Ether
594-19-4 ier't-Butyl Ether
n-Butyl Ether
811-49-4 Ethyl Ether
591-51-5 Phenyl Ether
917-57-7 Vinyl Ether
Phenylethynyl Ether
sec-Butyl Ether

TMBI 93b (92)
(110-62-3)
TMBI 966 (94)
(96-17-3)
TMBI 93 92
(49707-49-5) (630-19-3)
TBD 92«
(7188-38-7) (49707-50-8)
DMPF 50»
(2769-71-3) (49707-51-9)
TMBI 45-67» 556 (87)
(49707-52-0) (100-52-7)
TMBI 0
TMBI 0
TMBI 93A 9261 (98.6)

(34668-70-7) (25132-57-4)

“Analytically pure crude product. bPurities were determined by vpc analysis. cBeilstein, “Handbuch der organische Chemie,
Dritte Teil,” Friedrich Richter, Springer-Verlag, Berlin, 1959. dtert-Butyl isocyanide. 0Crude yield, 90% pure.’ 2,6-Dimethyl-
phenyl isocyanide.» Yields based on nmr analysis of crude product. hYield recovered after distillation. *1-d compound.

dition was carried out in which the reaction mixture was
transferred under anhydrous conditions to a stirred flask
containing a fivefold excess of D20 in THF at -15°. The
deuterium analysis showed 97% deuterium incorporation
at C-l and only 3% at C-2.

From the analysis it was clear that la was not being
converted to 3 to any appreciable extent, since only 3%
was converted in this manner over a 6-hT period (usually
the reaction is run for 15-30 min). It is concluded that
deuterolysis at C-2 is occurring during the addition of D20
to the lithium aldfmine as shown in eq 1-3. It is suggested

NR
1 ANR
CHijCHZ + DD — CHXHX~ + LioD (1)
id
~“NR ~NR
ch:hzcT + CHXHX ~
ALi
~.NR ~“NR
CHHCT +  CHIHZA @
I D
Li
~“NR
CHZHcC + DD CHjCHCT + LOD (3
I D I
Li D

that to avoid this side reaction, reactions of métallo aldi-
mines should be performed by the addition of the métallo
aldimine to the substrate.

In summary, it can be stated that the 1-lithio aldimine
is stable in solution and exists as structure ld. It should
be noted that in contrast to the above, the reaction of sec-
butyllithium with TMBI followed by the addition of D20
to the reaction mixture resulted in incorporation of 97%
deuterium at C-l. This result is not necessarily unexpect-
ed, since the hydrogen atom at C-2 is now markedly re-
duced in acidity. Table | summarizes the results of the a
additian of ljthium reagents to various isocyanides.

oIce Of SOCYanIde. A convenient synthesis of isocy-
anides has recently been published.8 The selection of the
isocyanide for the preparation of métallo aldimines is im-
portant. Since the a-hydrogen atoms of the isocyanide can

readily react with organolithium reagents,9 it is necessary
for the a carbon to be trisubstituted. This may account,
in part, for the lack of success by the earlier workers to
achieve a simple 1:1 a addition to isocyanides in which
the alkyl groups were methyl and ethyl.3-4 A further limi-
tation on the choice of isocyanide is that the a carbon
cannot contain two or more aromatic groups, since the ad-
dition of lithium Teagents to these isocyanides results in a
isocyanide-lithium exchange reaction.10 Table | lists a
number of isocyanides used in this study. In principle any

(ANDCN=C + RLi —e ArXlLi + RC=N

R R
R=CH3Ar

aryl or tert-alkyl isocyanide can be used, but the aryl iso-
cyanides tend to oligomerize. The most convenient isocy-
anide to use is TMBI, owing to its ease of preparationll
and the fact that it is not offensively malodorous.

Effect 0 ?)rganometafmc Reagent. As can be seen
from Table I, primary, secondary, and tertiary aliphatic
lithium reagents react very readily with TMBI to produce
excellent yields of lithium aldimines or their hydrolysis
product, aldehydes. Attempts to improve the yield (45-
50%) of the phenylithium adduct, by varying the reaction
temperature and solvent, failed. However, it was noted
that by adding a 50% excess of phenyllithium a higher
yield of aldimine (70%) was obtained. Vinyllithium and
2-propenyllithium did not give a simple a addition to
TMBI. The reaction resulted in a complex mixture of
products presumably due to further reaction of the initial-
ly formed aldimine.

Based on the results with phenyllithium it appears that
the lithium aldimine 1 is in equilibrium with the starting
materials, phenyllithium and TMBI. An unfavorable
equilibrium is probably also involved in the case of sodi-
um diethylmalonate and lithium phenylacetylide, both of
which failed to add to TMBI. If the McEwen-Streit-
wieser-Applequist-Dessy pKa scalel? is related to the re-
sults obtained (Table II), one concludes that the conjugate
bases of acids with pKa <37 will not add appreciably to
TMBI. This is consistent with the observations by An-
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Table 11
Relation of Some Entries from the McEwen-
Streitwieser-Applequist -Dessy pA’, Scale to the
Result When the Organolithium Reagent Is Added
to TMBI in a 1:1 Ratio

RLi piCa of RH Results in ether
(EtO0OC),CH 13 No adduct”
PhC=C 18.5 No adduct
Ph 37 50% adduct
Et 42 100% after 45-60 min
71-CiH 9 100% after 10-20 min
(CH3LH 44
EtCH(CH3J 100% after 0-5 min
i-CjHg 44 100% after 0-5 min

° Sodium malonate in THF was treated with TMBI.

selmel3 as well as Meyers14 and Schollkopfl5 on the reac-
tion of alkoxide (ROH, pKa 18) with certain isocyan-
ides. In the latter cases14’15 an equilibrium is established
owing to the intramolecular nature of the reaction.

As can be seen from Table Ill, Grignard reagents do not
react as well as lithium reagents. Moreover, phenylmag-
nesium bromide does not add to any appreciable extent.
This observation provides another reason for the lack of
success that the earlier workers3-5 experienced in their at-
tempts to obtain a simple 1:1 a addition to isocyanides.
Again, this result may in part be due to an unfavorable
equilibrium which, in the case of phenylmagnesium bro-
mide, lies more to the side of the starting reagents.

Reactions of Lithium Aldimines. The lithium aldimine
reagents may be viewed as masked acyl carbanions16 sim-
ilar in principle to those devised by Corey and Selbachi16
(lithiodiathiane), Storkl7 (magnesium enamines), and
Meyersi8 (dihydro-1,3-oxazine system). Thus deuterolysis
of 1 provides a simple and inexpensive synthesis of 1-deu-
terioaldehydes (Table I). Carbonation of 1 yields the cor-
responding a-keto acid in good yields and treatment of 1
with ethyl chlorocarbonate provides the corresponding
ethyl ester.

Chart 1
Reactions of Lithium Aldimine"

0 0 0
Ph— CH— Cy I "I |
| R' (CH3SiCv R'C— G Et
OH "R cT
81% 40% 64%

“R = 1,1,3,3,-tetramethylbutyl and R' = ra-butyl, ethyl, sec-
butyl, or phenyl; see Experimental Section.

Chart | shows the different types of reactions that have
been carried out using lithium aldimines. Alkylation with
ethyl and methyl halides proceeds in good yields to give
upon hydrolysis the corresponding ketones. Isopropyl io-
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Table 111
Aldehydes and a-Keto Acids from Alkyl Grignard
Reagents and TMBI

Time, % aldehyde % a-keto acid
RMgBr Solvent hr (registry no.). (registry no.)
sec-Butyl Ether 3 67 (96)6 47
(1460-34-0)
ferf-Butyl THF 24 48
n-Hexyl THF 1.5 62 26
(111-71-7) (328-51-8)
fi-Butyl THF 1.5 34
(2492-75-3)
2-Phenylethyl THF 1.5 63 (80)6
(104-53-0)
Cyclopentyl THF 1.5 66 (89)6
(872-53-7)
Phenyl THF 18 2

“ Concentration of Grignard reagents was ca. 0.1 M.
bPer cent deuterium at C-l as determined by nmr.

dide did not alkylate; presumably elimination occurred.
However, trimethylsilyl chloride reacted quite well but
hydrolysis of the intermediate imine proved difficult. Var-
ious attempts (steam distillation from ammonium chlo-
ride, sat. hydrochloric acid at 0°, pyruvic acid or dil. hy-
drochloric acid in methanol at room temperature) resulted
in approximately 50% vyields of silyl ketone and 50% yield
of aldehyde and hexamethylsiloxane. Reaction of | with
benzaldehyde leads to the formation of a-hydroxy ketones
and with propylene oxide to isolable -hydroxy ketones.

R'— C. +
Si(CH33

RNH3

+ 0[Si(CH332

It should also be recognized that this system has great
potential for the syntheses of labeled compounds. For ex-
ample, pyruvic acid may be conveniently labeled on four
atoms by the following route.

och3 "
R— NH, RNHQ.\ RN=£ A
H
* 0o*
ch3 1co2 ] ~0
rn= c; L 2 HE** *ch3—c—cCr H

Experimental Section19

Bulk solvents were distilled before use. Reagent grade diethyl
ether, tetrahydrofuran (THF), and dimethoxyethane were dis-
tilled from lithium aluminum hydride prior to use. Infrared spec-
tra were taken neat or in solution (0.5-mm sodium chloride cell)
on a Perkin-Elmer Model 247. Nmr spectra were obtained on
Varian Associates A-60 and Brucker 90 spectrometers using TMS
as internal standard.

Vapor phase chromatography was conducted on an F & M
Model 500 programmed temperature gas chromatograph with a
thermistor detector. All melting points were taken with a Mel-
Temp apparatus. The partial immersion thermometer was cali-
brated over the range of 81-235°. The addition reactions to tert-
butyl isocyanide (TBI) and 2,6-dimethylphenyl isocyanide
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(DMPI) were carried out in a manner identical with that de-
scribed forTMBI.

2-(iV-2-Methylbutylideneamino)-2,4,4'trimethylpcntane. A
solution of 0.982 g (0.00704 mol) of 1,1,3,3-tetramethylbutyl isocy-
anide (TMBI) in 70 ml of pentane was treated with 0.00711 mol of
sec-butyllithium in hexane while stirring at 25°. After 10 min,
0.38 ml of water was added, and the mixture was stirred for 15
min to yield 1.4 g (quantitative yield) of the aldimine after filter-
ing and evaporating off the solvent. The product needed no fur-
ther purification: bp 85.5° (10 mm); ir (neat) 1667 (m), 1464,
1366, 1223 cm -1; nmr (CCU) S0.85-1.75 (m, 25), 2.18 (m, 1, CH),
750 (d,1,J= 4.6Hz, -N=CH).

Anal. Calcd for Ci3H27N: C, 79.11; H, 13.79. Found: C, 79.38;
H, 13.68.

2-(A'-Pentylideneamino)-2,4,4-trimethylpentane. In like man-
ner, 0.5 g (0.00359 mol) of TMBI in pentane was treated with
0.00369 mol of a hexane solution of n-butyllithium. A quantita-
tive yield, 0.71 g, of the aldimine was obtained which needed no
further purification: bp 89.5° (10 mm); ir (neat) 1667 (m), 1469,
1367, 1223 cm-1; nmr (CCU) 6 0.88-1.75 (m, 24), 2.23 (m, 2,
CH2), 7.65 (t, 3,J = 45Hz, -N=CH).

Ana!. Calcd for C13H27N: C, 79.11; H, 13.79. Found: C, 79.3; H,
13.7.

2-(N-I-d-2-Methylbutylideneamino)'2,4,4-trimethylpentane.
The reaction was carried out as above. However, D20 (>99%)
was used to quench the lithium aldimine, and 1,4 g of the Z-d-al-
dimine was obtained: bp 85.5° (10 mm); nmr (CCU) $0.85-1.75
(m, 25), 2.23 (m, 1), 7.50 (d, <0.02).

f-d-2-Methylbutanal. To 35.1 ml (0.2 mol) of TMBI in 300 ml
of ether under nitrogen was added, with mechanical stirring at 0°
(ice-salt bath), 0.2 mol of sec-butyllithium (in hexane) at a rate
such that the temperature never exceeded 5°. After an additional
15 min of stirring, 8 ml (0.4 mol) of D20 (<99%) was injected into
the reaction mixture. Filtration of the mixture followed by evapo-
ration of the solvent gave the aldimine, which was distilled, bp
52.5-54° (1.5 mm), to give 36.9 g (0.186 mol). Steam distillation
from 200 ml of an oxalic acid solution (2 M) gave 16.0 g (0.184
mol) of the 1-d-aldehyde: yield 92% overall; ra30D 1.3896; purity
98.6% by vpc analysis (LS-40); isotopic purity 97.9% by nmr
analysis; nmr (neat) 6 9.79 (d, 0.021, J = 1.8 Hz); bp 92°; 2,4-
'DNP mp 128.5-130° (lit.20 mp 129-130°).

f-d-2,2-Dimethylpropanal. Similarly, to 35.1 ml (0.2 mol) of
TMBI in 400 ml of ether under nitrogen was added, with mechani-
cal stirring at -15°, 0.2 mol of tert-butyllithium (in pentane). D20
(>99%, 8 ml, 0.4 mol) was injected into the reaction mixtures with
continued external cooling. Filtration of the mixture, fol-
lowed by evaporation of the solvent, gave the aldimine, which
was distilled, bp 48-50° (3.2 mm), to give 37.2 g (0.186 mol, 93%).
Steam distillation afforded 16.0 g (0.184 mol, 92% vyield) of the 1-
d-aldehyde: chemical purity 99% by vpc analysis (LS-40); isoto-
pic purity 98% by nmr analysis, nmr (neat) 5 9.33 (s, 0.018); bp
75°% 2,4-DNP mp 211-213° (lit.20mp 209-211°).

2- Oxo-3-methylpentanoic Acid. To a stirred solution of 3.76 g

(0.027 mol) of TMBI dissolved in 27 ml of ether at 0° under a ni-
trogen atmosphere was added 0.026 mol of sec-butyllithium (in
hexane). After 10 min, the solution was added dropwise to an
ether slurry of Dry Ice. The solvent was evaporated and the car-
bonated imine was refluxed in an oxalic acid solution for 15 min.
Extraction with methylene chloride, followed by evaporation of
solvent, gave 2.8 g (0.021 mol, 80%) of the keto acid: ir (CCU)
3410 (m), 1785 (s), 1715 cm' 1 (s, broad); nmr (CCU) &H.79 (s,
1); purity 95% by vpc analysis; 2,4-DNP mp 169-170° (lit.20 mp
171°).

3-Heptanone. To a stirred solution of 20.9 g (0.15 mol) of
TMBI dissolved in 150 mol of the THF at -10° under a nitrogen
atmosphere was added 0.15 mol of n-butyllithium (in hexane).
After 30 min the solution was cooled to -75°, and 17 g (0.155 mol)
of ethyl bromide in 50 ml of THF was added dropwise. The solu-
tion was warmed to 0°, taken up in pentane, washed with water,
dried (sodium sulfate), and evaporated to yield an oil which was
distilled, bp 68° (0.25 mm). The ketimine, 30.2 g (0.134 mol), was
hydrolyzed by steam distillation from an oxalic acid solution (2
M) to yield 13.6 g (0.131 mol, 87%): bp 149.5° ir (neat) 1711
cm 1(s); semicarbazone mp 99.5-101° (lit.2L mp 99-110°).

1-Hydroxy- 1-phenylbutanone. To a stirred solution of 6.95 g
(0.05 mol) of TMBI in 50 ml of THF at -10° under a nitrogen at-
mosphere was added 0.05 mol of ethyllithium (in benzene). After
1hr, 5.3 g (0.05 mol) of benzaldehyde in 25 ml of THF was added
at -50 to -60° (Dry Ice-acetone). The solution was stirred for 1
hr, after which 1.5 ml of water was added. The solvent was fil-
tered and evaporated and the hydroxyl imine was then hydro-
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lyzed with dilute hydrochloric acid and methanol (2 hr) to yield
7.5 g of the crude hydroxy ketone. Distillation gave 6.7 g (0.041
mol, 81%), bp 69° (0.2 mm) [lit.20bp 124-128° (11 mm)].

2-Hydroxy-4-octanone. To a stirred solution of 13.9 g (0.1 mol)
of TMBI dissolved in 100 ml of THF at —10° under a nitrogen at-
mosphere was added 0.1 mol of n-butyllithium (in hexane) After
30 min 6.85 ml (0.105 mol) of propylene oxide in 25 ml of THF
was added dropwise. After continued stirring for 30 min, the solu-
tion was taken up in pentane, washed with water, and evaporated
to yield the hydroxy ketimine. Hydrolysis to the hydroxy ketone
was accomplished by refluxing the imine in a solution of 75 ml of
THF, 25 ml of ether, 10 ml of H20, 10.5 g (0.2 mol) of ammonium
chloride, and 0.1 ml of concentrated hydrochloric acid for 16 hr.
Extraction with methylene chloride gave, after drying (sodium
sulfate) and evaporating the solvent, 9 g (0.09 mol, 90%) of the
hydroxy ketone: bp 61-62° (1 mm) [lit.22 bp 86-87° (5 mm)]; ir
(neat) 3420 (broad), 1703 cm-1 (s); nmr (CC14) S0.7-1.7 (m, 7,
CH3CH3CH2-), 1.10 (d, 3,J = 6 Hz, CH3), 2.44 (d, 2, J = 6.3 Hz,
CH2), 2.38 (t, 2,J = 7 Hz, CH2), 4.03 (s, 1, OH), 4.06 (sextet, 1, J
= 6 Hz, CH); iV-phenylcarbamate mp 55-56°, ir (CCU) 3452,
1741, 1718 cm -1.

Anal, (carbamate) Calcd for Ci5H2INO: C, 68.41; H, 8.04; N,
5.32. Found: C, 68.27; H, 8.19; N, 5.24.

2- {N- I-Trimethylsilylpropylideneamino)-2,4,4-trimethylpen-

tane. To a stirred solution of 10.5 g (0.075 mol) of TMBI dissolved
in 150 ml of THF at -5° under a nitrogen atmosphere was added
0.075 mol of ethyllithium (in benzene). After 45 min the solution
was cooled to -75°, and 8.1 g (0.075 mol) of trimethylchlorosilane
in 25 ml of THF was added dropwise. The solution was warmed
to 0°, and 1.5 ml of saturated sodium carbonate solution was
added. The solvent was evaporated to dryness, the residue was
triturated with pentane (leaving behind the insoluble salts), and
the pentane was evaporated, yielding 17.0 g of the crude imine.
Distillation afforded 14.5 g (0.6 mol, 80%) of the product: bp
44.5-45° (0.005 mm); ir (neat) 1601 (m), 1245 (s), 834 cm-1 (s);
nmr (CCI4-CHCI3) 50.21 [s, 9, Si(CH3)3], 1.09 [s, 9, C(CH3)3], 1.14
(t, 3, J = 7.5 Hz, CH3), 1.39 [s, 6, C(CH3)2], 1.74 (s, 2, CH2), 2.50
[9,2,3- 7.5 Hz, CH2].

Anal. Calcd for CMHaiNSi: C, 69.62; H, 12.94; N, 5.80. Found:
C, 69.75; H, 12.95; N,5.81.

Ethyl 2-[iV-(2-Phenyl-2-butyl)]imino-3-methylpentanoate. To
a stirred solution of 4.35 g (27.3 mmol) of 2-phenyl-2-butyl isocy-
anide dissolved in 50 ml of ether at 0° under nitrogen was added
29.6 ml of 0.97 M sec-butyllithium solution in cyclohexane and
the mixture was stirred for 30 min. After cooling to -20° the reac-
tion mixture was added dropwise to a stirred solution of 15 g
(0.138 mol) of ethyl chlorocarbonate in 80 ml of THF at -78° and
then stirred overnight at ambient temperature. Filtration and
distillation of the product at reduced pressure gave 5.07 g (64%)
of ethyl 2-[iV-(2-phenyl-2-butyl)]imino-3-methylpentanoate: bp
100-102° (0.25 mm); ir (CCU) 1735 (s), 1665 (m, broad), 699 cm™" 1
(m); mass spectrum m/e (measured mass) 289.2032 (calcd for
Ci8H27N 02, 289.2041).

Grignard Addition to TMBI. The addition of Grignard re-
agents was performed in an identical manner with that of the
lithium reagents. The results are recorded in Table Ill. Two typi-
cal experiments are given.

3- Methyl-2-oxopentanoic Acid. The Grignard reagent of 2-bro-

mobutane was prepared in the usual manner from 3.62 g (D.150
mol) of magnesium and 20.6 g (0.150 mol) of 2-bromobutane in
150 ml of tetrahydrofuran. To this solution was added 10.4 g (0.75
mol) of TMBI and the mixture was stirred for 4 hr. This solution
was transferred under a nitrogen atmosphere to an addition fun-
nel and then added to an ether solution which had been cooled to
-78° and saturated with carbon dioxide. After the solution had
warmed to room temperature, the mixture was hydrolyzed with
dilute hydrochloric acid by refluxing for 15 min. The solution was
then extracted with sodium bicarbonate solution, and after acidi-
fication of the aqueous layer and extraction with ether, the organ-
ic layer was dried over sodium sulfate. Evaporation of the ether
gave an oil (7.5 g) which on analysis by nmr gave a yield of 48%
3-methyl-2-oxopentanoic acid and 32% 2-methylbutyric acid. The
a-keto acid gave ir (neat) 3410, 2970, 2930, 2870, 1785, 1715, 1510,
1460, 1381, 1340, 1165, 1040, 980, 950 cm -1; nmr (CC14) 1.1 (m, 6
H), 1.58 (m, 2 H), 3.28 (m, 1H), 11.62 (s, 1 H).
Z-d-2-Methylbutyraldehyde. The Grignard reagent of sec-butyl
bromide was prepared in the usual manner from 3.62 g (0.150
mol) of magnesium and 20.6 g (0.150 mol) of sec-butyl bromide in
150 ml of tetrahydrofuran. To the Grignard solution was added,
by means of a syringe, 14.2 g (0.102 mol) of 1,1,3,3-tetramethyl-
butyl isocyanide and the mixture was stirred at room tempera-

n i
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ture for 4 hr. To the solution cooled at 0° was added 6.1 g (0.306
mol) of D20 followed by an additional 100 ml of water. After ex-
traction with 2 X 100 ml of diethyl ether, the organic layer was
washed with a saturated sodium chloride solution and dried over
sodium sulfate. After evaporation of the ether the aldimine was
distilled, yielding 13.65 g (0.0695 mol, 67.75%), bp 52-54° (1.5
mm).

Steam distillation of the aldimine from 17.2 g (0.14 mol) of
aqueous oxalic acid gave 5.85 g (0.069 mol, 67%) yield of I-d-2-
methylbutyraldehyde. The per cent deuterium incorporation was
determined by nmr at S9.54 to be 96%.
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Carboxylation or carbéthoxylation of the lithium aldimines formed by the a addition of ethyllithium, sec-
butyllithium, and isopropyllithium to ()- or (/?)-(+)-2-phenyl-2 butylisonitrile produced the corresponding a-
imino acid or ester. Optically active a-amino acids were synthesized by the reduction, under a variety of condi-

tions, of the a-imino acids and esters.

The use of lithium aldimines as useful synthetic inter-
mediates for the preparation of aldehydes, a-keto acids,
ketones, acyloins, a-diketones, and silyl ketones has pre-
viously been reported.2'3 The use of lithium aldimines as
precursors for the syntheses of optically active a-amino
acids is the subject of this paper.

Results and Discussion

Chart | outlines the procedure used for the preparation
of a-amino acids.

The a addition of see-butyllithium, isopropyllithium,
and ethyllithium to 2-phenyl-2-butylisonitrile (1) proceeds
quite readily to yield the corresponding lithium aldimines
(2). Treatment of 2 with carbon dioxide or ethyl chlorofor-
mate produced lithium imino carboxylate salt 3 and ethyl
a-imino carboxylate (5), respectively. In contrast to the
case of imines produced from a-keto acids and a-alkyl-
benzylamine,4 attempted concomitant hydrogenation and
hydrogeiiolysis of 3 by the use of palladium hydroxide5 did
not give good results. However, the direct reduction of the
corresponding ester 5 did proceed, although in poor yields,
to give a-amino acids. Most of the reductions in our stud-
ies were carried out in a stepwise fashion using 3 or 3* as
substrate. The doublé bond was first reduced with either

lithium or sodium borohydride, diborane, diisopinocam-
pheylborane, or triisopinocampheylborane and the result-
ing amine hydrochlorides were debenzylated by catalytic
hydrogenolysis to produce the a-amino acids. These re-
sults are summarized in Table I.

The a-amino acids isolated using standard procedures6
contained slight impurities7 which were difficult to re-
move. Therefore, all optically active a-amino acids were
converted into their 2,4-dinitrophenyl derivatives8 and
purified, without attempted resolution, by use of a Celite
column.9 The diastereomeric ratio of racemic isoleucine to
alloisoleucine (R = sec-butyl) was determined by nmr
based upon the a-methine proton absorptions.10 Catalytic
reduction of 5 gave a mixture (ratio 1.3) in which isoleu-
cine predominated, whereas stepwise reduction gave a
mixture (ratio 0.7) richer in alloisoleucine. As can also be
seen (Table 1) the direct hydrogenation and hydrogenol-
ysis of the imino ester 5 or 5* is not a very satisfactory
method, since one obtains a low overall yield and a very
small optical induction. The stepwise reduction of 3 or 3*
is the preferred method since the optical yields are rea-
sonably good. It should be recognized that since lithium
borohydride and diborane exhibit similar stereoselectivi-
ties in the reduction of 3*, the former is obviously the re-
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Table |
Amino Acids Obtained by Reduction of Imino Group
Overall — Free amino acid6--—-- . - -DNP amino acid*7—*
Imine yield, Configura- Optical Optical
Registry no. reduced R Reducing agents® % tion [a]27B88 purity, % [ap'D purity, %
49707-59-7 5 sec-Butyl H2Pd(OH)2 34 57/43d
49690-14-4 3 sec-Butyl LiBHi 85 42/58"
3 sec-Butyl bz 6 82 42/58d
49690-15-5 3 Ethyl LiBHi 70
3 Ethyl b, 64
3 Ethyl C-)-RBHc« 57 Sh +2.9 11 (12) + 15.0 16 (17)
3 Ethyl (+)-RBHt 58 R* -3.5 13 (15) -13.3 14 (16)
3 Ethyl (-)-RBHRBH?2 45 S + 2.0 8 (9) + 8.1 9 (10)
49844-62-4 5* Ethyl H2Pd(OH)2 23 R -0.8 3 -8.4 9
49844-63-5 3* Ethyl LiBH*« 7 R -13.7 52 -52.1 55
3* Ethyl LiBH, 63 R -15.0 57 -59.3 63
3* Ethyl BH& 66 R -14.5 55 -52.6 56
3* Ethyl BHt 57 R -14.6 55 -58.3 62
49690-16-6 3 Isopropyl NaBH4 83
3 Isopropyl C-)-RBH" 42 Si +12.6 40 (43) +41.7 42 (45)
3 Isopropyl (+)-R,BHt 43 Rk -10.4 33 (37) -35.2 35 (39)
3 Isopropyl (-)-RBHRBHZ 38 S + 8.7 28 (30) + 34.7 35 (37)
49844-64-6 5* Isopropyl H2Pd(OH)2 29 R - 0.2 0.6 -3.6 4
49844-65-7 3* Isopropyl LiBH4 80 R -17.6 56 -62.3 62
3* Isopropyl b 6 81 R -16.6 53 -54.5 54

“ All metal hydride reductions were followed by Pd(OH)2hydrogenolysis. 6Specific rotations of all free amino acids were
obtained using 5 N HC1 as solvent; optical purities were calculated using for R = sec-butyl, [a]®546 +26.4° (c 1.47, 5N
HC1); R = isopropyl, [a]Zi4 +31.2° (c 1.57, 5 N HC1); values in parentheses are corrected for the optical purity of a-
pinene, 93.5% [(+ )-«-pinene, 89%]. “Based on the observed specific rotation of authentic samples: DNP-(S)-butyrine,
[a]nD +94.1° (c 0.27, IIVNaOH); DNP-(S)-valine, [<*]2ID +100.2°"(c 0.26, 1 N NaOH). Values in parentheses are cor-
rected for the optical purity of a-pinene. dThe diastereomeric ratio of isoleucine to alloisoleucine is based upon the a-methine
nmr proton absorption. “Prepared from (—)-a-pinene and diborane. m"Prepared from (+ )-<*-pinene and diborane. » Worked
up under alkaline conditions. hRegistry no.: free amino acid, 1492-24-6; DNP amino acid, 4470-69-3. ' Registry no.: free
amino acid, 2623-91-8; DNP amino acid, 72-18-4. ' Registry no.: free amino acid, 6367-34-6; DNP amino acid, 1694-97-9.
kRegistry no.: free amino acid, 640-68-6; DNP amino acid, 37696-35-8.

Chart | o\

” it
Asymmetric Syntheses of . . s Me» .
a-Amino Acids Me—-C— N Q-Li+ »-C . o
! N'c// c Et
Me Et i Et
0 0

A r N<
Et agent of choice. Moreover, based on optical yields, the re-
duction of 3* with achiral borohydrides is superior to the
reduction of 3 with chiral borohydrides. It should also be
cic; noted that reduction of (R)-3* and (R)-5* leads to the for-
OEt mation of R amino acids.

Me Me The results of the reduction of 3 with chiral borohy-
| drides lead to the following observations. (1) Diisopino-
Ph—C—N=Cc ~ Ph— C—n= c; n campheylborane and triisopinocampheylborane prepared
é H X U from (-)-a-pinene lead to the formation of S amino acids.
t ét (2) Diisopinocampheylborane exhibits slightly higher opti-
1 cal yields than triisopinocampheylborane.11 (3) Higher
optical yields are observed for valine (R = isopropyl) than
I for butyrine (R = ethyl), presumably owing to the greater

Ph— C— N=C steric interaction of the isopropyl group.
I N. L 1 Hydroboration Interpretation of our results in terms of transition state
Et I 1 2 H1 models postulated12 for asymmetric reduction of olefins is
not possible, since our system is more complicated. The
addition may not involve a four-centered transition statel2
owing to the possible complexing of the borane with the
nonbonding pair of electrons on the nitrogen. Moreover, it
is also difficult to assess at this time the effect of geomet-
ric isomerism of these imines on the steric course of the

reduction.

OEt

Me

1 Pd/H,

| + /
Ph— C— NH2- CH~" R— CHC:

COOH
Et nh 3+

" Experimental Section

Me Melting points were determined in capillary tubes using a Mel-

Temp apparatus with a calibrated thermometer. Infrared spectra

Ph— C— H were obtained with a Perkin-Elmer Model 257 infrared spectro-
photometer. Solution spectra were run using either carbon tetra-

Et chloride or chloroform solutions in a 0.5-mm sodium chloride cell.
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Optical rotations were measured at the 546-nm line of mercury
and o line of sodium on a 0. C. Rudolph and Sons. Inc. Model 80
No. 714 polarimeter. Nmr spectra were obtained on a Varian As-
sociates A-60 and a Brucker 90 spectrometer. Nmr spectra of
amino acids were determined as a solution in deuterium oxide
with TMS as external standard using a Brucker 90 spectrometer.

2-Amino-3-methylpentanoic Acid (Isoleucine and Alloisoleu-
cine). A. Lithium Borohydride Reduction. To a stirred solution
of 1.59 g (10 mmol) of racemic 2-phenyl-2-butyl isonitrile dis-
solved in 500 ml of anhydrous ether at 0° under a nitrogen atmo-
sphere was added rapidly 11.0 ml of 0.97 M sec-butyllithium solu-
tion in cyclohexane. The mixture was stirred at 0° for 30 min and
added dropwise to an excess of carbon dioxide in ether at - 20°.
The solvent was removed in vacuo to give the carboxylated jmine
[ir (CHCI3) 1620 cm' 1 (s)], which was dissolved in 50 ml of anhy-
drous tetrahydrofuran (THF), treated with 0.22 g (10 mmol) of
lithium borohydride at —10°, and stirred at room temperature for
2 days. After the mixture was cooled to -15°, dilute hydrochloric
acid was added to decompose excess lithium borohydride. The
solvent was removed in vacuo and the remaining aqueous solution
was extracted with ether and concentrated to dryness. Three
20-ml portions of water were added and evaporated to remove hy-
drochloric acid, and three 20-ml portions of absolute ethanol and
then four 30-ml portions of benzene were added and evaporated to
remove water. The residue was extracted thoroughly with anhy-
drous benzene to filter off the boron compound. Removal of the
solvent afforded crude 2-[Ai-(2-phenyl-2-butyl)]amino-3-methyl-
pentanoic acid hydrochloride in quantitative yield as a white
powder: mp 57-119°; ir (CHCI3) 3400-2400 (broad), 1710 (m), and
1570 cm' 1 (s). An analytical sample was obtained by recrystalli-
zation from ether-ethyl acetate: mp 95-129°; ir (KBr) 3400-2360
(broad), 1730 (m), 1565 (s), 765 (s), and 700cm" 1(s).

Anal. Calcd for Ci6H26C1NO02: C, 64.09; H, 8.74; N, 4.67.
Found: C, 64.26; H, 8.85; N, 4.54.

The crude hydrochloride (1.44 g, 4.81 mmol) dissolved in 50 ml
of 95% ethanol was subjected to hydrogenolysis using 0.5 g of pal-
ladium hydroxide on carbon catalyst5 and 2 ml of 0.01 N hydro-
chloric acid. The mixture was stirred under 3.5 atm pressure of
hydrogen at room temperature for 12 hr. The catalyst was filtered
and washed with 95% ethanol and the combined filtrates were
evaporated in vacuo. The residue, dissolved in 50 ml of water,
was extracted with ether and the aqueous layer was concentrated
to 10 ml. The amino acids were isolated according to a published
procedure6 and there was obtained 0.54 g (85% overall yield based
on the isonitrile) of the product, identified by comparison of the ir
spectrum in potassium bromide and the nmr spectrum in deuteri-
um oxide with those of an authentic sample. The diastereomeric
ratio of isoleucine to alloisoleucine was 42:58 based upon the a-
methine proton nmr absorptions.

B. Hydroboration. The carbonated imine (10 mmol), prepared
as described above, was dissolved in 40 ml of THF and treated
with 7.4 ml of a 1.44 M solution of diborane in THF at —15° and
the mixture was stirred at 2-3° for 3 hr.13 After cooling to -20°
dilute hydrochloric acid was added and the mixture was worked
up as described above to afford the hydrochloride in quantitative
yield: mp 55-125° ir (CHCI3) was superimposable with that of
the hydrochloride of an authentic sample.

The crude hydrochloride (1.46 g, 4.87 mmol) was hvdrogeno-
lyzed according to the procedure described above and 0.52 g (82%
overall yield) of the amino acids was obtained. The diastereomer-
ic ratio was 42:58.

C. Via Ester. To a stirred solution of 4.35 g (27.3 mmol) of the
racemic isonitrile dissolved in 50 ml of ether at 0° under a nitro-
gen atmosphere was added rapidly 29.6 ml of 0.97 M sec-butylli-
thium solution in cyclohexane and the mixture was stirred for 30
min at 0°. After cooling to —20° the mixture was added dropwise
to a stirred solution of 15.0 g (0.138 mol) of ethyl chloroformate in
80 ml of THF at -78° and stirred overnight at room temperature.
Filtration of lithium chloride and distillation of the residue under
reduced pressure gave 5.07 g (64.1%) of ethyl 2-[IV-(2-phenyl-2-
butyl)]limino-3-methylpentanoate: bp 100-102° (0.25 mm); ir
(CCl4) 1735 (s), 1665 (m, broad), 699 cm" 1 (m); mass spectrum
m/e (measured mass) 289.2032 (calcd for Ci8H27NO 2, 289.2041).

A mixture of 2.02 g (7 mmol) of the imino ester and 1.0 g of
palladium hydroxide on carbon catalyst in 30 ml of anhydrous
benzene was shaken under 3.5 atm pressure of hydrogen at room
temperature for 3 days. The catalyst was filtered and washed
with benzene. The combined filtrates were extracted with 50 ml
of 3 N hydrochloric acid. From the organic layer there was ob-
tained 0.97 g of a mixture which consisted of 35% of sec-butylben-
zene and 23% of ethyl 3-methyl-2-oxopentanoate. The latter was
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obtained by hydrolysis of the imine ester with dilute hydrochloric

acid in 66.2% yield: bp 66-67° (15 mm) [lit.11 bp 78-79° (15 mm)];

ir (CCU) 1735 cm' 1 (s, broad); nmr (CCl4) 0.90 (t, 3, J = 7 Hz),

1.09 (d, 3,3 = 7Hz), 1.35(t, 3,3 = 7 Hz), 1.63 (m, 2), 3.03 (sex-
tet, 1), 426 (q, 2, J = 7 Hz); 2,4-DNP mp 106-106.5° (needles

from ethanol); ir (CClI4) 3290 (w), 3210 (w, broad), 3100 (w), 1735

(w), 1710 (m), 1625 (s), 1510 (s), 1345cm"* 1(s).

Anal. (2,4-DNP) Calcd for CMH18N406: C, 49.70; H, 5.36; N,
16.56. Found: C, 49.60; H, 5.34; N, 16.55.

The aqueous layer was refluxed for 6 hr, extracted with ether,
and concentrated to dryness. To the residue 30 ml of water was
added and evaporated and the residue was dissolved in 10 ml of
water and desalted to afford 0.48 g (52%, 34% overall yield based
on the isonitrile) of the amino acid. The diastereomeric ratio was
57:43.

2-Aminobutyric Acid (Butyrine). A. Hydroboration. To a
stirred solution of 0.80 g (5 mmol) of 2-phenyl-2-butyl isonitrile
dissolved in 30 ml of anhydrous ether at 0° under a nitrogen at-
mosphere was added rapidly 5.1 ml of 1.0 Ai ethyllithium solution
in benzene and the mixture was stirred at 0° for 1 hr. After cool-
ing to -78° the mixture was added to a large excess of carbon
dioxide in ether at -40°. The solvent was evaporated to leave the
carbonated imine [ir (CHCI3) 1630 cm' 1 (s)[, which was dissolved
in 50 ml of THF and treated with 4.0 ml of 1.3 M diborane solu-
tion in THF at -15°. The mixture was stirred at 2-3° for 3 hr and
decomposed with dilute hydrochloric acid. After removal of THF,
the aqueous solution was extracted with ether, concentrated to
dryness, and worked up as previously described to yield 1.17 g
(86.2%) of crude 2-[Af-(2-phenyl-2-butyl)]aminobutyric acid hy-
drochloride as a white powder: mp 66-113°; ir (CHCI3) 3400-2400
(broad), 1715 (m), and 1575 cm' 1 (s). An analytical sample was
obtained by recrystallization from ether-ethyl 'acetate-acetone:
mp 173-175°; ir (KBr) 3530 (w, broad), 2450 (w, broad), 3090 (m,
broad), 2740 (s, broad), 2510 (m), 2420 (m), 1720 (m), and 1570
cm™ 1(s).

Anal. Calcd for C14H22C1NO2: C, 61.87; H, 8.16; N, 5.15.
Found: C, 61.63; H, 8.14; N, 5.14.

The crude hydrochloride (1.14 g, 4.2 mmol) was subjected to
hydrogenolysis to give 0.32 g (64% overall yield) of the amino
acid. Identity was confirmed by comparison of the infrared spec-
trum and nmr spectrum with those of an authentic sample.

B. Lithium Borohydride Reduction. The carbonated imine (10
mmol) prepared as described above was dissolved in 50 ml of
THF and treated with 0.22 g (10 mmol) of lithium borohydride at
-10°. The mixture was stirred at room temperature for 2 days.
The work-up, as previously described, furnished 2.27 g (83.6%) of
the crude hydrochloride: mp 85-119°; superimposable ir spectrum
with that of an authentic sample.

The crude hydrochloride (1.16 g, 4.27 mmol) was hydrogeno-
lyzed in the usual way to yield 0.37 g (70% overall yield) of the
amino acid.

2-Amino-3-methylbutyric Acid (Valine). To a stirred solution
of 1.11 g (7 mmol) of 2-phenyl-2-butyl isonitrile dissolved in 50 ml
of ether at 0°, under a nitrogen atmosphere, was added rapidly
6.4 ml of a 1.2 M isopropyllithium solution in pentane. The mix-
ture was stirred at 0° for 30 min and added dropwise to an excess
of carbon dioxide in ether at -30°. The solvent was removed in
vacuo to give the carbonated imine [ir (CHCI3) 1635 cm"1 (s,
broad)], which was dissolved in 50 ml of anhydrous methanol; 0.3
g (8 mmol) of sodium borohydride was added and the mixture
was stirred at room temperature for 3 days. After removal of the
solvent in vacuo the residue was dissolved in water and extracted
with ether. The aqueous layer was made acidic with dilute hydro-
chloric acid, extracted with ether, concentrated to dryness, and
worked up as previously described to yield 1.94 g (97%) of crude
hydrochloride as a white powder: mp 103-143°; ir (CHCI3) 3400-
2400 (broad),.1710 (s), and 1565 cm-1 (s).

The 1.61 g (5.63 mmol) of the crude hydrochloride afforded 0.57
g (83% overall yield) of the amino acid. Identity was confirmed by
comparison of the infrared spectrum in potassium bromide with
that of an authentic sample.

Asymmetric Syntheses of Amino Acids Using Optically Ac-
tive Hydroborating Agents. Diisopinocampheylboranel5 and tri-
isopinocampheyldiboranel2 were prepared according to the pub-
lished procedure utilizing (-)-a-pinene (r«1204 -48.2°, 93.5% op-
tical purity) and (+)-a-pinene (raj20o0 +46°, 89% optical purity).

2-Amino-3-methylbutyric Acid (Valine). A. (+)-Diisopino-
campheylborane Reduction. To a solution of 3.3 g (24.3 mmol) of
(-)-a-pinene in 20 ml of THF was added 11.5 ml of a 0.91 M so-
lution of diborane (5.2 mmol of B2H6) in THF at 0° and the reac-
tion mixture was stirred for 4 hr at 0°.
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The carbonated imine was prepared in the usual way using 0.80
g (5 mmol) of the racemic isonitrile, 4.2 ml of 1.25 M isopropylli-
thium solution in pentane, and then carbon dioxide. To the opti-
cally active hydroborating agent inTHF was added, at -10°, the
solution of the carbonated imine in 30 ml of THF and the reac-
tion mixture was stirred for 3 weeks at room temperature. After
the mixture was cooled to -10°, 50 ml of dilute hydrochloric acid
was added and the THF was removed under reduced pressure.
Ether was added to the remaining aqueous solution and the solu-
tion was stirred overnight at room temperature. The aqueous
layeT was separated, concentrated to dryness, and worked up as
previously described to afford 1.20 g of the crude hydrochloride,
mp 78-123°.

The hydrochloride (1.17 g, 4.1 mmol) was hydrogenolyzed in
the usual way to give 0.24 g (42% overall yield) of valine, identi-
fied by the infrared spectrum in potassium bromide:16 [a]27546
+12.6° (c 3.1, 5 N HC1), optical purity 40%; DNP-valine: [0]27d
+41.7° (c 0.27, 1A NaOH), optical purity 42%.

B. (-)-Diisopinocampheylborane Reduction. The reaction
was carried out in the same way as described above using (+)-a-
pinene instead of (—) enantiomer. Overall yield of the amino acid
was 43%: [a]27546 _ 10.4° (c 3.1, 5AHC1); optical purity 35%.

C. Triisopinocampheyldiborane Reduction. To 12.1 ml of a
0.64 M solution of diborane (7.7 mmol of B2H6) in THF was
madded a solution of 3.1 g (23 mmol) of (—-<*pinene in 10 ml of
THF at 0° and the reaction mixture was stirred for 3 hr at 0°. To
this mixture was added a solution of 7 mmol of the carbonated
imine, and the reaction mixture was stirred at 0° for 3 days. The
previously described work-up gave 1.83 g of the hydrochloride,
which was subjected to hydrogenolysis to yield 0.31 g (38% overall
yield) of valine: [a]27546 +8.7° (¢ 3;0, 5 N HC1), optical purity
28%; DNP-valine [a]27D +34.7° (c 0.27, 1 N NaOH), optical pu-
rity, 35%.

2-Aminobutyric Acid (Butyrine). A. (+)-Diisopinocampheyl-
borane Reduction. To a solution of 4.0 g (29.4 mmol) of (-)*«-
pinene in 20 ml of THF was added 9.9 ml of a 1.27 M solution of
diborane (6.3 mmol of B2H6) in THF at 0° and the reaction mix-
ture was stirred for 4 hr at 9°.

To the optically active hydroborating agent in THF was added
the solution of the carbonated imine (6 mmol) in 30 ml of THF at
-10° and the reaction mixture was stirred for 2 weeks at room
temperature. After the mixture was cooled to -10°, 50 ml of di-
lute hydrochloric acid was added. The THF was removed under
reduced pressure, and the remaining aqueous layer was worked
up as previously described to afford 1.33 g of the crude hydrochlo-
ride, mp 82-142°.

The hydrochloride (1.32 g, 4.86 mmol) was hydrogenolyzed in
the usual way to give 0.35 g (57% overall yield) of butyrine, iden-
tified by the infrared spectrum in potassium bromide: [«]27546
+2.9° (c 3.0, 5 N HC1), optical purity 11%; DNP-butyrine [a]27D
+15.0° (c 0.28, 1ANaOH), optical purity 16%.

B. (-)-Diisopinocampheylborane Reduction. The reaction
was carried out in the same way as described above using (+)-«-
pinene instead of (-)-a-pinene. Overall yield of the amino acid
was 58%: [0]27546 -3.5° (c 3.2, 5 A HC1), optical purity 13%;
DNP-butyrine [«]27d -13.3 (¢ 0.25, 1 A NaOH), optical purity
14%.
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Asymmetric Syntheses of Amino Acids Using Optically Ac-
tive (K)-(+)-2-Phenyl-2-butyl Isonitrile. Optically pure (R)-
(+)-2-phenyl-2-butyl isonitrile, [u]24546 + 2.87° (c 3, dioxane), was
prepared according to the published procedure.17

The reduction procedures described previously were repeated
on the optically active (R)-(+)-isonitrile and the identity of
amino acids was confirmed by comparison of the infrared spec-
trum with that of art authentic sample.16 The results are summa-
rized in Table I.

Registry No.—(z)-1, 49690-21-3; (fl)-1, 32528-86-2; isoleucine,
443-79-8; alloisoleucine, 3107-04-8; 2-[A-(2-phenyl-2-butyl)]amino-
3-methylpentanoic acid hydrochloride, 49690-23-5; ethyl 3-
methyl-2-oxopentanoate, 26516-27-8; ethyl 3-methyl-2-oxopenta-
noate 2,4-dinitrophenylhydrazone, 49690-24-6; 2-[A-(2-phenyl-2-
butyl)]Jaminobutyric acid hydrochloride, 49690-25-7; butyrine,
80-60-4; valine, 516-06-3; 2-[A-(2-phenyl-2-butyl)]amino-3-meth-
ylbutyric acid hydrochloride, 49690-26-8; (S)-2-[A-[(ft)-2-phenyl-
2-butyl]lamino-3-methylbutyric acid hydrochloride, 49690-27-9;
(.S)-2-[A-[(fl)-2-pheny 1-2-butyljjaminobutyric acid hydrochloride,
49690-28-0.
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The reaction of I-methyl-2,2-diphenylcyclopropyllithium (1) with 1,1,3,3-tetramethylbutyl isocyanide re-
sulted in a ring enlargement to yield 2,2-diphenyl-4-methylcyclobutanone (2). A similar ring enlargement was
observed when I-methyl-2,2-diphenylcyclopropyl isocyanide (4) was treated with lithium or sodium metal in di-
methoxyethane. In this latter reaction one also obtained an equal amount of rearranged 4,4-diphenyl-2-buta-
none (). Reaction of 4 with a solution of sodium in liquid ammonia produced 1,1-diphenylbutane (10) and 2-
methyl-4,4-diphenylpyrolidine (11). Reaction pathways leading to the formation of the ring-expanded and rear-

ranged products are discussed.

We have previously shown that the addition of lithium
alkyls to isocyanides leads to the formation of lithium al-
dimines.2 The lithium aldimine intermediate can be used
for the preparation of 1-d-aldehydes, ketones, a-keto acids
and esters, and' a- and /3-hydroxy ketones.3 However, we
found that 2,2-diphenyl-I-methylcyclopropyllithium (1)
did not undergo a simple a addition to 1,1,3,3-tetrameth-
ylbutyl isocyanide (TMBI) to give the expected aldimine;
rather an enlargement of the cyclopropyl ring occurred to
give the unexpected cyclobutanone 2 and the dihydrofur-
an 3 after hydrolysis (eq 1).

Ph CH3
1 0° 10 min

()
R=(CH33CHZX(CH3,
1 M, DME, -10°
2. HO+
Ph HO Ph
/
ch3+ P h-~y”" CHy, &\ ®
H H H
6 2
M %5 (optical purity) ft6 %2
Li 11 (12%) 44 42
Na 13 (64%) 42 40

This result and the work with lithium aldimines was
concurrent with a general study of the dissolving metal
reductions of isocyanides.4 (/?)-(—-2,2-Diphenyl- 1-meth-
ylcyclopropyl isocyanide (4) was prepared to investigate
its reduction in a manner similar to that performed on the
corresponding cyclopropyl halides.5 The isocyanide group
was being viewed as a pseudo-halogen.

It was found that when 4 was treated with a lithium or
sodium dispersion in dimethoxyethane (DME), 1-methyl-
2,2-diphenylcyclopropane (5) was obtained with overall
retention of configuration (eq 2). However, the major
products of the reaction were 4,4-diphenyl-2-butanone (6)
and 2,2-diphenyl-4-methylcyclobutanone (2). Presumably
6 could have arisen from ring opening5b followed by reduc-
tive cleavage of the isocyanide group, but 2 was definitely
the result of an unusual rearrangement. A clue was pro-
vided by the observation that both 6 and 2 appeared in
roughly equal quantities in the product mixture. This sug-

Chart |
Formation of 2,2-Diphenyl-4-methylcyclobutanone and
4,4-Diphenyl-2-butanone
Ph CH3

Ph~"\y~"N=C + 2li —»

4

je»0"
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gested that they both may have originated from a com-
mon intermediate. The hypothesis, which was adopted, is
illustrated in Chart I.

The intermediate 9 is a logical precursor of 2 and 6 and
the anionic addition to the ketenimine 8 to form 9 is rea-
sonable. Protonated 9 could not be isolated and purified;
ihowever, the spectral data of the crude mixture (see Ex-
perimental Section) showed the presence of a compound
of mass 441 whose nmr spectrum contained the character-
istic benzhydryl triplet at 5 4.44 and the adjacent methy-
lene doublet at 5 2.94, imitating the pattern found in the
nmr spectrum of 6. To test the validity of the hypothesis
that 1 added to 4 uia an a addition, the cyclopropylli-
thium compound was prepared from 1-bromo-1-methyl-
2,2-diphenylcyclopropane in ether. This solution was
added to the cyclopropyl isocyanide 4 to give, after hy-
drolysis, the two ketones 2 and 6 (eq 3).

The results represented in eq 1 can be rationalized in
the following way (eq 4).

Ph CH,

Ph’ Li 4+ RN=C -

Ph CH Ph Ph

h®+

4)

3

The cyclopropyllithium 1 adds to form the lithium aldi-
mine intermediate, which undergoes ring enlargement to
form the lithiocyclobutanone imine. The formation of 3
probably results from hydrolysis of a small amount of the
lithium aldimines as shown. This pathway to 3 was veri-
fied by treating 2,2-diphenyl-lI-methylcyclopropanecar-
boxaldehyde with acid to give 3. The results illustrated in
eq 1 together with 3 indicate that 1 is the origin of 2 and
that 4 is the precursor to 6.

Another novel ring expansion was observed when the
cyclopropyl isocyanide 4 was reduced with sodium in lig-
uid ammonia (eq 5). Again the principal product was not
the expected cyclopropane 5. Instead, 1,1-diphenvibutane
(10) and 3,3-diphenyl-5-methylpyrrolidine (111 were ob-
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®

H
10 1n
Form %Na HB5 %10 %l
Powder 8 4 41 55
Dissolved 10 0 13 87

tained as the major products. One can rule out the fact
that 10 may have arisen as a result of Birch reduction of
the cyclopropane 5, for it had already been shown that
under the conditions used in this experiment (8-10% Na)
no ring-opened products are produced.5

To explain the product mixture it is proposed (Chart H)
that two radical anions are produced as primary interme-

Chart 11
Reduction of 2,2-Diphenyl-I-methylcyclopropyl Isocyanide

diates, 12 and 13. In ether solvents an electron transfer
occurs at the isocyanide site to give the expected radical
anion, 12. Further reduction gives the expected cyclopro-
pane 5. However, in the liquid ammonia system, we feel
that solvation at the isocyanide site raises the potential of
the system so that the preferred site for the electron
transfer is at one of the aromatic phenyl groups to pro-
duce the radical anion 13. A similar occurrence was also
observed during the study of the reduction of 1-fluoro-
2,2-diphenyl- 1-methylcyclopropane.6

Reductive cleavage of 13 yields 14, the ring-opened
carbanion, which is in equilibrium with the cyclic imino
carbanion 15. This assumption of a reversible a addition
of the diphenyl carbanion to the isocyanide function is
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supported by the work of Gerhart and Schollkopf,7 who
found that the lithium oxazoline 16 is in equilibrium with
the ring-opened 17 (eq 6). This reversibility was also ob-

16 17

served by Meyers and Collington.8 Further reduction of 14
and 15 would give the observed products 1,1-diphenylbu-
tane (10) and the pyrrolidine 11. The small amount of the
cyclopropane 5 could be accounted for by the alternate
pathway through the radical anion 12. It should be noted
that in Chart Il the a-addition step serves as a means of
trapping the intermediate 14, which could not have other-
wise been identified.

Experimental Section9

Reaction of 2,2-Diphenyl-1-methylcyclopropyllithium with
1,1,3,3-Tetramethylbutyl Isocyanide (TMBI). To a stirred solu-
tion of 1.22 g (0.0043 mol) of 2,2-diphenyl-lI-methylcyclopropyl
bromide in 40 ml of ether was added 0.0049 mol of sec-butyllith-
ium (in hexane) at 0°. After stirring for an additional 15 min, the
temperature was lowered to -10° and 0.68 g (0.0049 mol) of TMBI110
was added. The reaction mixture was stirred for 18 hr, followed
by addition of 0.5 ml of methanol. The mixture was taken up in
ether, extracted with water, and dried over sodium sulfate. Evap-
oration yielded in oil (1.52 g) which was hydrolyzed in dilute hy-
drochloric acid-tetrahydrofuran. The mixture was then taken up
in ether and washed with water and sodium carbonate solution,
and vpc analysis (SE-33) of this solution showed four compo-
nents, corresponding to |,I-diphenyl-2-methylcyclopropane (44%),
2,2-diphenyl-4-methylcyclobutanone (46%), 2,2-diphenyl-I-meth-
ylcyclopropyl bromide (6%), and 3-methyl-5,5-diphenyldihydrofu-
ran (4%), which were identified by peak enhancement with au-
thentic materials.

Lithium Metal Reduction of (/?)-(-)-2,2-Dipheny)-I-methyl-
cyclopropyl Isocyanide. A mixture of 2.5 g of lithium dispersion
(30% in wax, fine mesh) was washed with hexane and then with
portions of THF under argonll so that only fine particles of clean
lithium remained floating over the clear solvent. The solvent was
drained and the lithium was washed into the reaction vessel (con-
taining ground glass and a polyethylene-coated magnetic bar)
with 30 ml of DME. The surface of the lithium particles was pol-
ished by stirring the suspension vigorously at 25° for 2 hr; then at
a temperature of -10°, 0.395 g of the optically pure cyclopropyl
isocyanide (powder) was added. After 10 min the deep red solu-
tion was decanted from the unused lithium to a flask of cold
methanol. The reaction mixture was taken up into ether and
washed several times with water. The ether layer was dried (sodi-
um sulfate) and then concentrated to an orange paste: ir (neat)
1720-1620 (w, broad) 1374 (w), 1355 (w), 692 (s), 671 cm-' (s);
nmr (CC14) 6 0.8-1.4 (m, broad), 1.83 (s), 26 (m), 294 (d,J = 7
Hz, CHaCH), 4.44 (t, J = 7 Hz, CH2CH), 7.03 (s, aromatic), 7.16
(s, aromatic); mass spectrum m/e 441 (parent). The orange paste
was hydrolyzed with dilute hydrochloric acid in tetrahydrofuran,
and the products were extracted into ether, dried over anhydrous
sodium sulfate, and evaporated to yield 0.381 g of an oil. Vpc
analysis (15% SE-33 on 80/100 Chromosorb P, AW) showed three
major products: 2, 5 [(f?)-(+)-2,2-diphenyl-lI-methylcyclopropane],
and 6. The hydrocarbon 5 was identified by comparison with the
ir and nmr spectra of the authentic material and by vpc peak en-
hancement (20% EGIP on 80/100 Chromasorb P, AW), [a]255461
+18.0 + 0.5°. The ketone 6 showed the following properties: ir
(CCU) 1720 cm' 1 (s) (lit.11 1715 cm -1); nmr (CDC1S) S 2.06 (s,
3, CH3), 3.20 (d, 2,J = 7.5 Hz, CH2), 471 (t, 1,J = 7.5 Hz, CH),
7.42 (s, 10, aromatic); 2,4-DNP mp 173-175° (lit.12 mp 174-175°).
The cyclobutane 2 showed the following properties: ir (CCI4) 1783
(s), 1494 (m), 1450 (m), 692 cm" 1 (s); nmr (CDCI3) 5 1.32 (d, 3,
J = 1 Hz, CHJ3), 237 (m, 1, JAB = 105, JAX = 8 Hz, HCH),
3.09 (m, 1,JAB = 10.5, JBX = 10.5 Hz, HCH), 3.32 (m, 1, CH), 7.0-
7.5 (m, 10, aromatic); ir irradiation at S1.32, 3.32 (m, JAX = 8, JBX
= 10.5 Hz); irradiation at 6 3.32, 2.37 (d, JAB = 10.5 Hz); mass
spectrum mje (calcd mass) 235.1199 (calcd for Ci7Hi60, 236,1200),
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237.1219 (calcd for Ci613CH160, 237.1234), 208.1274 (calcd for
Ci6H16, 208.1292), 181.1020 (calcd for CHMH i3, 181.1017), 166.0778
(calcd for Ci3H10, 166.0782); 2,4-DNP mp 207-208°.

Addition of 2,2-Diphenyl-t -methylcyclopropyllithium to 2,2-
Diphenyl-I-methylcyclopropyl Isocyanide. From 1.2 g (0.0042
mol) of I-bromo-2,2-diphenyl-lI-methylcyclopropane a solution of
the cyclopropyllithium was prepared in 30 ml of ether13 under an
argon atmosphere. The cyclopropyllithium solution was then fil-
tered into a 60-ml THF solution (—10°) of 0.671 g (0,0028 mol) of
2,2-diphenyl-I-methylcyclopropyl isocyanide. The mixture was
stirred for 1 hr, quenched with methanol, and washed with water.
The organic layer was dried (sodium sulfate) and evaporated to a
viscous oil. The oil was dissolved into 80 ml of hexane with heat-
ing. Upon cooling, the unreacted isocyanide separated as crystals.
The hexane solution was decanted, and the crystals were dried,
0.56 g, mp 115-123°, ir (CHC13) 2240 cm" 1 (s). The hexane solu-
tion was evaporated, the concentrate was hydrolyzed in dilute
hydrochloric acid-tetrahydrofuran solution for 20 min and taken
up in ether, and the ether was washed several times with water.
After drying (sodium sulfate), the ether solution was concentrated
yielding 0.246 g of an oil. Vpc analysis of the oil (SE-33, silastic
LS-40) gave the following composition: 2,2-diphenyl-4-methylcy-
clobutanone (17%), 4,4-diphenylbutanone (15%), I-bromo-2,2-
diphenyl-lI-methylcyclopropane (47% together with some 2,2-di-
phenyl-lI-methylenecyclopropane as impurity).

Acidic Rearrangement of 2,2-Diphenyl-lI-methylcyclopropa-
necarboxaldehyde. To a solution of 0.82 g of 2,2-diphenyl-1-
methylcyclopropanecarboxaldehydel4 in 20 ml of tetrahydrofuran
was added 0.5 ml of concentrated sulfuric acid at 25°. The mix-
ture was swirled and left to stand overnight in a stoppered vessel.
The contents were then poured into water (0°) and extracted. The
ether layer was dried over sodium sulfate and then concentrated
to give 0.81 g of a viscous oil: ir (neat) 2930 (m), 1487 (m), 1444
(m), 1378 (m), 1004 (s), 1694 cm' 1 (s); nmr (CC14) 5 1.53 (s, 3,
CH3), 3.16 (s, 2, CH2), 6.14 (s, 1, C=CH), 7.0-7.4 (m, 10, aro-
matic); mass spectrum m/e (calcd mass) 236.1208 (calcd for
C1ITH 1(, 226.1200).

Sodium Metal Reduction of 2,2-Diphenyl-lI-methylcyclopro-
pyl Isocyanide in Liquid Ammonia. An 8% sodium in liquid am-
monia solution (45 ml) was prepared according to the procedure
of Pierce and Walborsky.15To this solution was added 0.2 g of the
isocyanide with stirring. The mixture was then cooled with a Dry
Ice-acetone bath as 20 ml of saturated ammonium chloride solu-
tion was added dropwise. After addition of hexane, the ammonia
was evaporated. The contents of the reaction vessel were sepa-
rated, and the hexane layer was washed with dilute hydrochloric
acid and dried over magnesium sulfate. Evaporation of the sol-
vent gave 0.076 g of a hydrocarbon mixture which, from vpc anal-
ysis (20% EGIP on 80/100 Chromasorb P, AW) by peak enhance-
ment with authentic materials was composed of I,I-diphenyl-2-
methylpropane (0.4%). The acidic layer was neutralized with so-
dium hydroxide solution (0°) yielding an amine which was taken
up in ether and dried over sodium sulfate. Evaporation gave 3,3-
diphenyl-5-methylpyrrolidine (0.015 g): ir (neat) 3320 (broad),
1491 (s), 1444 (s), 1370 (m), 1028 (m), 689 cm- 1(s); nmr (CC14) S
1.04 fd, 3, J = 6 Hz, CH3CH), 159 (s, 1, NH), 1.86 (q, 1, Jab =
12, Jax = 9 Hz, HCHCH), 250 (g, 1, Jab = 12, Jbx = 6 Hz,
HCHCH), 2.80-3.65 (m, 3), 6.99 (s, 10, aromatic); nmr (addition
of D20) S 1.59 (disappearance of singlet NH), irradiation at 1.04,
3.32 (q, Jax = 9, Jbx = 6 Hz, HCHCHCH3J), 341 (d, Ja.,» = 115
Hz, H'CH"), 3.66 (d, Ja-b- = 11.5 Hz, H'CH"); mass spectrum
m/e (calcd mass) 238.1571 (calcd for C1613CHI9N, 238.1550),
237,1517 (calecd for Ci7HI9N, 237.1517), 193.1026 (calcd for
C15H13, 193.1017), 167.0868 (calcd for Ci3Hu , 167.1860), 133.0898
(calcd for COHuUN, 133.0890).

I-(p-Nitrobenzoyl)-3,3-diphenyl-5-methylpyrrolidine. The
above 3,3-diphenyl-5-methylpyrrolidine was treated with p-nitro-
benzoyl chloride in the usual manner: mp 146.5-148°; ir (CHC13)
2995 (m), 1361 (s), 1600 (s), 1524 (s), 1494 (m), 1351 cm-1 (s);
nmr (CHC13) 5 0.99 (d, 025, J = 6 Hz, CH3CH) and 1.48 (d,
0.75, J = 6 Hz, CH3CH), 2.30 (q, 1, Jab = 13, Jax = 10 Hz,
HCHCH), 3.07 (q, 1, Jab = 13, Jbx = 7 Hz, HCHCH), 3.5-4.5 (m,
3), 6.9-7.5 (m, 10, Ph2C), 7.65 (d, 2, J = 8.6 Hz, 2,6-H), 8.24 (d,
2,J = 8.6 Hz, 3,5-H).

Anal. Calcd for C24H22N20 3: C, 74.59; H, 5.74; N, 7.25. Found:
C, 74.63; H, 5.77; N, 7.25.

Registry No.—1, 50259-68-2; 2, 50259-69-3; 2 2,4-dinitrophen-
ylhydrazone, 50259-70-6; 3, 50259-71-7; 4, 32528-88-4; 5, 17413-48-
8; 6, 5409-60-9; 11, 50259-75-1; I-(p-nitrobenzoyl)-3,3-diphenyl-5-
methylpyrrolidine, 50259-76-2.
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Metallo aldimines were prepared by the addition of organolithium reagents to ierf-butyl isocyanide, 1,1,3,3-
tetramethylbutyl isocyanide, 2-phenyl-2-butyl isocyanide, and triphenylmethyl isocyanide. The reactions of or-
ganolithium reagents, Grignard reagents, and organocopper reagents with triphenylmethyl isocyanide are dis-
cussed in detail. A new synthetic route for the formation of secondary and tertiary nitriles is described as is a
simple and convenient method for the preparation of ketones. The lithium aldimines were converted to copper
aldimines by treatment with cuprous iodide. Studies on the dissociative nature of metallo aldimines indicated
that both relief of steric crowding (steric effect) and formation of stable intermediates (electronic effect) are the

driving forces for the dissociation.

Recent reports on the reaction of isocyanides with or-
ganometallic reagents have shown that the chemistry of
isocyanides can provide new synthetic pathways to a vari-
ety of molecules. It has recently been reportedl that the a
addition of an organolithium reagent to 1,1,3,3-tetrameth-
ylbutyl isocyanide (TMBI) yields lithium aldimine (1),
which can be used for the preparation of aldehydes, ke-
tones, o-keto acids, and a- and d-hydroxy ketones (eq 1).

RNssC + RLi v * RN=C )

The reactions of a-metalated isocyanides are being inves-
tigated by Schollkopf and others.2’3 In addition, the syn-
thetic applications of copper-isocyanide complex cata-
lyzed reactions for the preparation of a variety of com-
pounds have been explored by Saegusa.4

During the course of investigating the synthetic utility
of lithium aldimines it was discovered that certain aldi-
mines dissociated to produce nitriles in very good yields5
(eq 2). Preliminary investigations indicated that an 88%

R

RN=c'

~Li

yield of ieri-butyl cyanide could be achieved by the addi-

tion of the ierf-butyllithium to triphenylmethyl isocyan-

ide (TPMI). However, the use of other lithium reagents

produced the corresponding symmetrical ketones which

apparently results from the addition of RLi to the nitiile
formed (eq 3b).

A detailed study, with an aim of establishing the scope
and limitations of this “isocyanide-metal exchange” reac-
tion5was un dpertake and is the subject of this paper.

[socyanice Metal Excﬁange Reaction. The isocyan-
ide-metal exchange reaction (eq 3a) showed promise as a
new method for the preparation of nitriles and ketones.
An investigation of the scope and limitation of this reac-

RCN + RLi )

Fh* % r>Li

Ph&CNC + RLi —»

RCN + PhTIi (3a)

H +

RCN + RLi —™= RéR = R(gR (3b)

tion was undertaken. The results obtained in Table IV

clearly point to triphenylmethyl isocyanide (TPMI) as the

isocyanide of choice, and it was therefore selected for our
studies

Reactions with Organolithium Reagents. The resuits
of the reactions of a representative set of organolithium
reagents with TPMI are given in Table 1.5 It is evident
that this reaction provides a convenient method for the
preparation of symmetrical ketones and hindered nitriles
such as ieri-butyl cyanide in high yield. Unsymmetrical
ketones can also be prepared by the simple expediency of
first adding 1 equiv of the more hindered lithium reagent
to permit the exchange reaction (eq 3a) to occur, followed
by the addition of the less hindered lithium reagent.
Using this procedure, ieri-butyl sec-butyl ketone was pre-
pared in 83% yield. It is worth mentioning that by careful
work-up of the reaction mixture (see Experimental Sec-
tion) one can isolate the precursor ketimine in excellent
yields. For example, di-ieri-butyl ketimine was obtained
in 77% yield.6 Lithium phenylacetylide, owing tc an unfa-
vorable equilibrium, did not add to TPMI.

The associated nature of organolithium reagents7'8 may
increase the probability of the immediate availability of
lithium reagents for further addition to the nitrile as it is
formed in the reaction. The observation that the yield of
nitrile increased on going from primary to tertiary lithium
reagent indicates that steric hindrance also becomes an
important factor so that a addition of terf-butyllithium to
TPMI is favored over its addition to the nitrile formed in
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Reactlo 0 Tr| Le Imetﬁgl Iso Xanide

Anotith agen
RLi: P Yield,"; %---e-mm--
No. KLi PhaCNC Nitrile Ketone
1 n-Butyl 1:1 8.5 48.54
2:1 9 59
2 see-Butyl 1:1 14 554
2:1 24 63
3 feri-Butyl 1:1 88
2:1 2 75
4 Phenylethynyl 1:1
5 Cyclopropyl 1:1 1.5 20
6 Phenyl 1:1 934
2:1 94
7 Mesityl + 1:1 14«

“Yields determined by glpc analysis. 4 Yields based on
theoretical yield of ketone. “ Isolated as ketimine.

the reaction. The lower yield of dimesityl ketimine is
probably due to the steric hindrance experienced in the a
addition.of the lithium reagent to isonitrile.

Reaction with- drlgnaré Reagents. the avaitability of
organohalides and the ease of preparation of Grignard re-
agents prompted us to study the reactions of Grignard re-
agents with TPMI. Although reactions of aromatic and
tertiary Grignard reagents were unsuccessful, the results
(Table 1) with primary and secondary Grignard reactions
are significant from a synthetic point of view.

When 1 equiv of n-butylmagnesium bromide was treat-
ed with TPMI, work-up of the reaction mixture gave nei-
ther n-valeronitrile nor 5-nonanone. The ir spectrum of
the reaction mixture exhibited, in addition to the unreact-
ed isocyanide band at 2140 cm~1, a strong band at 2190
cm”1, absorption in the 3300-3500-cm-1 region, and an
intense band at 1632 cm-1. These data indicated the
presence of an amino and a cyano group in addition to a
double bond in conjugation with them. The product was
identified as 5-amino-4-cyano-4-nonene (2) by isolation
CHLHZH2 nh2 CeHij NH,

ne' €7 chrHzHTHS
2 3
and comparison of its ir and nmr spectra with that of an
authentic sample prepared in 49% yield by the reaction of
n-butylmagnesium bromide with n-valeronitrile.9 Conver-
sion of 2 to the known 4-cyano-5-nonanone by mild acid
hydrolysis confirmed the structural assignment.

When 2 equiv of n-butylmagnesium bromide was treat-
ed with 1 equiv of TPMI, depending upon the reaction
conditions, a 10-20% yield of n-valeronitrile was realized,
along with a 50-60% yield of 2. Under similar conditions
cyclohexylmethylmagnesium bromide gave a 26% yield of
cyclohexylacetonitrile and a 55% yield of 3. It is evident
that this reaction, although not satisfactory for the prepa-
ration of primary nitriles, provides a facile and convenient
synthetic route for making a-cyano ketones or the corre-
sponding precursors in good yields. The mechanism of the
condensation that occurs during the reaction of Grignard
reagents with primary nitriles has been discussed else-
where.10

As can be seen from Table Il, reactions of secondary
Grignard reagents with TPMI gave the corresponding ni-
triles in excellent yields. When Grignard reagent and iso-
cyanide were allowed to react in 1:1 ratio, the yield of ni-
trile was of the order of 70-95%. The reaction was com-
plete in 5 min with a quantitative yield being obtained
when 2 equiv of cyclohexylmagnesium bromide was treat-

CRAR,
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RMgBr: Yield4
RBr* PhsCNC RCN, %
n-Butyl bromide 1:1 Trace
2:1 10-20
Cyclohexylmethyl bromide 2:1 26"
Benzyl bromide 2:1 78
2-Bromobutane 1:1 70
3:2 98
2-Bromohexane 1:1 79
Cyclopropyl bromide 1:1 17
2:1 27
Cyclohexyl bromide 1:1 94
2:1 100
Cycloheptyl bromide 1:1 70
feri-Butyl bromide 1:1 7-10
Bromobenzene 101 Trace
p-Methoxybromobenzene 1:1 Trace
p-Bromotoluene 1:1 Trace
Mesityl bromide 1:1 17

° Grignard reagent was prepared by standard procedure
and titrated whenever it was necessary. 4 Yields determined
by glpc. 2 Other products were! isolated. Refer to the dis-
cussion section.

le Il
|800y§ﬁla etl\(/)vrll rrI gg(%per H]eyagents

— Conditions---- =

RCu /--Yields,” % —, Time, Temp,
No. R RCN  PhaCH hr °C
1 n-Butyl 38 6.5 34
2 ierf-Butyl <5 6.5 34
3  Phenyl 1 6.5 34
RR/CulLi
R R’
4 7i-Butyl n-Butyl 49 62 1 25
5 n-Butyl n-Butyl 40 84 6 25
6 n-Butyl n-Butyl 17 85 12 10
7 feri-Butyl fert-Butyl 31 40 3 36
8 n-Butyl ferf-Butyl 244 62 0.5 25

° Yields determined by glpc.
formed.

1No tert-butyl cyanide was

ed with 1 equiv of TPMI. Similarly, a 98% yield of 2-cy-
anobutane was obtained from the reaction of 3 equiv of
sec-butylmagnesium bromide with 2 equiv of TPMI. The
important synthetic application of this reaction should be
recognized from the fact that ordinarily unsatisfactory
yields of nitriles are obtained by the usual Sn2 displace-
ment of sec-acyclic and cyclic halides by cyanide ions.11

However, treatment of tert-butylmagnesium bromide
with TPMI at 36° for 10 hr gave only a small yield of tert-
butyl cyanide (—210%). Also, reactions with phenylmag-
nesium bromide, p-methoxyphenylmagnesium bromide,
and p-methylphenylmagnesium bromide did not yield the
corresponding nitrile. In the case of mesitylmagnesium
bromide, 2,4,6-trimethylbenzonitrile was obtained in 17%
yield, which could be increased to 39% yield when the
reaction mixture was refluxed for 18 hr at 65° (THF).

In contrast to the results with lithium reagents (Table
1) we note in the case of Grignard reagents that tertiary
and aromatic Grignard reagents do not react with TPMI
to any appreciable extent. This effect has previously been
observed in the reaction of phenylmagnesium bromide
with 1,1,3,3-tetramethylbutyl isocyanide (TMBI) and the
lack of reactivity was ascribed to an unfavorable equili-
brium.Ifc42 A similar situation seems to obtain in the
reaction of Grignard reagents with TPMI.
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R'
I
R---C— MgBr + Ph/J— N=C
H
R’
1 XPh3
R—C—C=N~" (4a)
H MgBr
R CPh3
X C—C=NX
R™
H MgBr
R\
C—C=N + BrMgCPh3 (4b)
R"
H
X—C=N + BrMgCPh3 =
R™
H
R\J DO® N + PhaCH 4
RII/\ a ( c)
MgBr
R\ R"\
0=N + c= n
R™| R*A
H MgBr
NMgBr
R/
R\y r "C~"C=N (4d)
R"™] R"
H
In the case when R" = H the a-metalated nitrile can

undergo further condensation to give products of the type
of 2 and 3. When both R' and R" are alkyl groups, one
then obtains good yields of nitrile, since the reaction with
tritylmagnesium bromide represents a less favorable equi-
librium1013 (eq 4c) and the propensity for condensation is
reduced for steric reasons. However, when R' = phenyl
and R" = H, the equilibrium (eq 4c) will be almost com-
pletely to the right, leading to a stable phenylacetonitrile
anion, and therefore benzylmagnesium bromide gives good
yields of phenylacetonitrile. .

Copsper Aldimines. Reaction with Organocopper Re-
agen . One of the aims in the study of the reaction of or-
ganometallies with TPMI was to stop the reaction at the
nitrile stage and isolate them free of side products. We
have seen that by a judicious choice of organometallic re-
agent such as tertiary organolithium and secondary Gri-
gnard reagents one is able to obtain good yields of the cor-
responding nitriles. In the case of primary organometallic
reagents the nitrile formed in the first step reacted further
with both organolithium and Grignard reagents to give ke-
tones and a-cyano ketones, respectively. Since organocop-
per reagents have been reported to’be unreactive toward
nitriles,13 it was felt that the use of these reagents might
circumvent the secondary reactions previously encoun-
tered. The results of this study are shown in Table IlI.

The reaction of alkyl- and phenylcopper reagents with
TPMI to give nitriles did not proceed to any appreciable
extent. The use of lithium dialkylcuprate reagents im-
proved the yield of nitrile somewhat. Although, as antici-
pated, no ketone or condensation products were formed,
the low yields obtained in these reactions mitigate its use
as a synthetic tool.
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Conversion of Lithium Aldimines to Copper Aldi-
MINES. Initial investigations were focused on the effect of
the structure of the isonitrile on the course of the reac-
tion. It was hypothesized that the driving force for the
dissociation of the lithium aldimine formed by the a addi-
tion of ferf-butyllithium to TPMI was due to the stabi-
lized trityl anion behaving as a good leaving group. It was
therefore surprising to observe the formation of 5-10%
yield of n-butyl 1,1,3,3-tetramethylbutyl ketone, as a
minor product, from the addition of n-butyllithium to
TMBI. Formation of this ketone suggested that the aldi-
mine dissociated to give rc-butyl cyanide and 1,1,3,3-te-
tramethylbutyllithium, which upon further reaction fur-
nished the observed ketone (eq 5).

'"AN'N=C + BuLi —"m "N==<X""BU —
~Li
0

+ BUCN — ~'CBu (5

Based on these observations it was felt that the conver-
sion of lithium aldimine to copper aldimine, by the addi-
tion of cuprous iodide, should produce 1,1,3,3-tetrameth-
ylbutylcopper (eq 6). Since organocopper reagents do not

Cu + RCN (6)

add to nitriles,13 one should be able to avoid the forma-
tion of ketone and thereby identify the nitrile. Indeed, the
copper aldimine obtained from the reaction of cuprous io-
dide with the lithium aldimine formed from TMBI and
feri-butyllithium gave a 61% yield of fert-butyl cyanide.
The formation of 1,1,3,3-tetramethylbutylcopper was also
indicated by the identification of its disproportionation
products, 2,4,4-trimethylpentane, 2,4,4-trimethyl-2-pen-
tene, and metallic copper (eq 7).

CHi CH3 ch3 ch3

20H3— C— OH2- G—Cu —* CH3—-C— CH—C—H +

CH3 ch3 CH3 ch3

n Nech3
ch3® c”;c= Cv'vch3 + 20U0) @
ch3™ ”~ ch3

Having established that the lithium or copper aldimines
from both triphenylmethyl isocyanide (TPMI) and
1,1,3,3-tetramethylbutyl isocyanide (TMBI) dissociated to
produce alkyl cyanides, it became apparent that electron-
ic factors alone could not account for the driving force for
this dissociation. Although the former produced the highly
delocalized trityl anion, the latter formed a tertiary alkyl-
lithium or alkylcopper reagent, neither of which possess
any favorable stabilizing factors. Steric interactions, how-
ever, may also be playing an important role in this reac-
tion. To evaluate this possibility a study of the copper al-
dimine intermediate was undertaken, the results of which
are given in Tables IV and V. The copper aldimines were
chosen for this investigation since this reaction produces

solely nitriles and is not complicated by ketone formation.
The results, shown in Table 1V, show the effect of vary-
ing the alkyl group (R' in R'NC) upon the dissociation of
metallo aldimines (eq 8). It has been recognized that non-

.f-Bu
— » i-BUCN (8)

1 tert-butyilithium
R'NC RTSi=C»

2. Cui X Cu



614 J. Org. Chem., Vol. 39, No. 5,1974

Periasamy and Walborsky

Reactions of Copper Aldimines. E%%{eolfVChanging R Groupin Isocyanides

No. R'NC RLI
fert-Butyl tert-Butyl
2 1,1,3,3-Tetramethylbutyl fert-Butyl
3 1,1,3,3-Tetramethylbutyl fert-Butyl
4 2-Phenyl-2-butyl fert-Butyl
5 Trityl fert-Butyl

Temp, Reaction Yield6
Solvent** °C period, hr RCN, %
Et20 / 2.5 10.5»
Etu 2.5 61d
THF 2.5 29
THF 0 2.5 35
THF -78 0.25 88'

» fert-Butyllithium in pentane or hexane was used. bYields determined by glpc analysis. ' 43% yield of N-tert-butyl-2,2-
dimethylpropanamide was observed. dA small amount of AFr(l,1,3,3-tetramethylbutyl)-2,2-dimethylpropanamide was

noticed. * No Cul was added, t Room temperature.

Reactions of Copper Aldimines. Effect o??:q{%r}ﬁing R Group in Organolithium Reagents

No. R'NC RLi

1 1,1,3,3-Tetramethylbutyl Methyl

2 1,1,3,3-Tetramethylbutyl «-Butyl

3 1,1,3,3-Tetramethylbuty1 sec-Butyl
4 1,1,3,3-Tetramethylbutyl fert-Butyl
5 fert-Butyl fert-Butyl

Reaction R'NHC(=0)R,
Solvent® Temp period, hr RCN % yieldé
EtD / 2.5 Trace' <5
EtD / 2.5 Trace4 27
EtO f 2.5 <2 >90
EtD f 2.5 61 e
EtD f 2.5 10.5 43

“ RLi in pentane was used. bYields determined by glpc analysis using authentic sample. ¢ Corresponding aldimine was the
major product (>90%). dCorresponding aldimine was the major product; a 10-12% yield of ra-butyl 1,1,3,3-tetramethyl-

butyl ketone was also observed.
s Room temperature.

Chart |
E-Z Isomerization of Metallo Aldimines
n / R R\ / R
N=C
R'X R" (</ X R"
E,R"=H,Li Z,R"=H,Li
Z,R"=Cu E, R"=Cu

interactions between the substituent on nitrogen
and the substituent on carbon in imines have a pro-
nounced effect on the E to Z isomer ratio in these sys-
tems.14 A similar situation should be obtained in the case
of the metallo aldimines (Chart 1). One should expect that
with copper aldimines the most favored configuration
would be Z, which would place both alkyl groups in a
trans relationship to each other. Boyd, et at.,15 have
shown that interactions involving the nitrogen lone pair of
electrons are important in determining the imine stereo-
chemistry. The localized electron pair or valence shell
electron pair repulsion theory assumes that a nonbonding
or lone pair of electrons is larger in volume and takes up
more space on the surface of an atom than a bonding
pair.16 It seems reasonable that even in their most favored
configuration Z copper aldimines are inherently sterically
crowded systems and will try to minimize their nonbond-
ed interactions, if possible, by dissociation. Under identi-
cal conditions copper aldimines obtained by the addition
to terf-butyl isocyanide and 1,1,3,3-tetramethylbutyl iso-
cyanide (TMBI) gave terf-butyl cyanide in 10.5 and 61%
yields, respectively. The copper aldimine obtained from
TMBI at room temperature in THF rather than ether dis-
sociated to give only a 29% vyield of fert-butyl cyanide.
The lower yield could be attributed to the greater stabili-
ty of organocopper reagents in THF.17 However, at 0° in
THF, 2-phenyl-2-butyl isocyanide gave a 35% yield of
terf-butyl cyanide. The observed increase in yield of tert-
butyl cyanide at a lower temperature (0°) from 2-phenyl-2-
butyl isocyanide than from TMBI at room temperature sug-
gests that in addition to a steric factor, electronic effects are
also operating through the formation of the benzylic anion.
Moreover, the replacement of both alkyl groups in 2-
phenyl-2-butyl isocyanide by two phenyl groups caused
the aldimine to dissociate very rapidly (—78°, less than 15

A small amount of Ak(l,1,3,3-tetramethylbutyl)-2,2-dimethylpropanamide was detected.

ph\ /ICH,
>
Pi/ cf nr
Li
4
CH, Phx JNR
=C=NR ©9)
2> AN
Pli Ph™A
R = 1,1,3,3-tetramethylbutyl

min) largely owing to the stability of the trityl anion pro-
duced. These results are consistent with the postulate
that both relief of steric strain and the formation of a sta-
ble anion are the driving forces for the dissociative ring
opening of the lithium aldimine intermediate 4 obtained
by the addition of 2,2-diphenyl-lI-methylcyclopropyllith-
ium to TMBI (eq 9).18

The effects of varying the organolithium reagent upon
the reaction product composition resulting from the disso-
ciation of metallo aldimines are given in Table V. It
should be pointed out that all of the reactions are con-
ducted under an argon atmosphere. It is interesting to
note that in addition to the formation of corresponding
alkylnitriles, in most cases, the formation of an amide was
observed to be the major product. From the addition of
methyllithium and n-butyllithium to TMBI, followed by
addition of cuprous iodide, the major product was shown
to be the corresponding aldimine and only a trace of alk-
yInitrile was formed. In the case of sec-butyllithium nei-
ther the alkylnitrile nor the aldimine was the major prod-
uct, but a 90% yield of N-(I,1,3,3-tetramethylbutyl)-2-
methylbutanamide was observed. However, when tert-
butyllithium was used, the iert-butyl cyanide was formed
in 61% yield, with IV-(1,1,3,3-tetramethylbutyl)-2,2-di-
methylpropanamide as a minor product.

It was noted that the normal work-up (addition of the
reaction mixture to aqueous acid) of the copper adimine 5
did not give the corresponding aldimine. This indicated
that either the metallo aldimine 5 was stable to acidic
conditions or a “ketenimine” (6) was the intermediate
which upon addition of water gave the amide in high
yield19 (eq 10). However, since the work-up of the reaction
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CHCHEHS3 ch3
RTSf==C» R'N=C=C~"
AOu —CuH XH”H,

5 6
ap\
0

I ,/CH3

R'NHCCH~” (10)
~"CHEHS3

R' = 1,1,3,3-tetramethylbutyl

mixture with D20 or CH30D did not incorporate deuteri-
um at the a position of the amide formed, the possibility
of a ketenimine as a viable reaction intermediate was
ruled out. It was also observed that the addition of water
to the copper aldimine 5 followed by refluxing for 5 hr
under argon (35°) produced the corresponding aldimine in
>90% vyield. However, replacing the argon atmosphere by
an oxygen atmosphere resulted in the formation of amide
(49% yield). It therefore appears that the reaction of cop-
per aldimine 5 is very much faster with oxygen than with
water and it is this reaction that produces amide. The
reaction of a copper aldimine with oxygen to yield amides
has also been, observed by van Koten and Noltes.20 It is
evident that all of the observed products (Table V),
namely aldimine, amide, and nitrile, result from a com-
mon copper aldimine intermediate. The question to be
answered is why, under identical conditions, these differ-
ent products are formed in different proportions as one
changes IT.
0

I
RN=C —- RNHC

Cu R’

Of significance is the observation of van Koten and
Noltes20 that the copper aldimine 7 is dimeric in benzene

solution. They proposed a six-member ring complex
formed by intermolecular coordination of two copper aldi-
mines. One might then expect that the métallo aldimines
reported in Table V would exist in equilibrium with the
dimeric structure and that the position of the equilibrium
would be sensitive to the structure of R' such that when
favorable steric conditions exist the equilibrium may be
completely over to the dimer (eq 11). As one proceeds
from methyl to sec-butyl (Table V), it, was observed that

R X /IR '
N=C
/ R .
2RN=C Cud ,'Cu (U)
Cu C=N
r/ X R
R 1,1,3,3-tetramethylbutyl; ieri-butyl

R' = methyl; n-butyl; sec-butyl; tert-butyl
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the yield of aldimine decreased considerably and the for-
mation of amide increased rapidly. It is suggested that as
the bulkiness of the organolithium reagent is increased,
the stability of the copper aldimine toward hydrolysis in-
creases. A close analysis of the dimer (Chart Il) of, for ex-

Chart Il

Dimeric Structure of Copper Aldimine 5

cs saads G P cHOB
ch3 c > = ¢ CH,
H{ V’H c* Cu Hv H
CHi /| C=N /| CH3
C TT
IV /' \ | \

hX&ch?2 h ch3 ch3ch3 c¢ch3

ample, the copper aldimine 5 would indicate that the ap-
proach of the protonated water molecule (which is solvat-
ed) to the Cu-C bond is highly sterically prohibited by
the hydrophobic alkyl groups but that its reaction with
gaseous oxygen molecule to give amide is not retarded.
With a methyl or n-butyl group present, the steric crowd-
ing around the Cu-C bond is not critical enough to pre-
vent the hydrolysis and hence the aldimine was observed
to be the major product. In the case of a tert-butyl group
the nonbonding interaction between the tert-butyl group
and the 1,1,3,3-tetramethylbutyl group is very severe and
formation of the dimer becomes energetically unfavorable;
the copper aldimine would therefore exist mostly as mono-
mer. This conclusion would equally apply to the copper
aldimines reported in Table IV. As we have discussed ear-
lier, depending upon the steric and electronic factors, the
monomeric copper aldimines dissociated to give nitriles as
one of the major components of the products.

A number of studies have established the thermal dis-
proportionation of alkylcopper(l) reagents to alkane, alk-
ene, and metallic copper (eq 7), with practically no dim-
erized hydrocarbon product.2l However, in the case of
vinylcopper reagents Whitesides and his coworkers22 have
observed that these reagents decomposed at ambient tem-
perature (4 hr, 25°) to give metallic copper and high yields
of dimers with >95% stereospecificity. They concluded
that free vinylic radicals are not involved as intermediates
and proposed mechanisms which would not involve free
radicals. One of the suggestions involved a four-center
mechanism and the other a “a-w” interconversion to an
intermediate containing a vinyl radical w bonded to a cop-
per atom cluster, 9. It is seen that the transition state for
either of these mechanisms would require the carbon
atoms forming the new <s-a bond (in the product) to face
each other. The copper aldimines under discussion did not
give any detectable amount of dimeric products. Also, van
Koten and Noltes observed that the thermal degradation
of 7 in quinoline at 200° yielded the corresponding Schiffs
base in 61% vyield instead of the expected symmetrical
dimer.20 As we have discussed earlier, the copper aldi-
mines (1, 2, and 3 in Table V) and 7 would be expected to
exist in dimeric forms in which the carbon atoms that
would form the new a bond are far away from each other
in the six-membered ring structure, and therefore neither
of the two proposed transition states (8 and 9) would be

8 9

attained, and therefore no dimeric products would be
formed. In the case of copper aldimines existing predomi-
nantly in monomeric form, the unfavorable steric crowd-
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o

Time, -~ e Yield, %6
No. Solvent® min I'BUCN Alkane* Alkene**
1 EtD 15 12 2.5 12
2 EtD 30 46 18 32
3 480 55 23 33
4 THF 150 29 3.7 27.8

“ Organolithium in pentane was used. bYields determined
by glpc analysis using authentic samples. ¢ 2,4,4-Trimethyl-
pentane. d2,4,4-Trimethyl-2-pentene.

ing that would develop in transition states 8 or 9 would be
severe enough to prevent the coupling reaction. In these
cases an alternate reaction occurs, that of dissociation,
due in part to relief of steric strain.

Finally, we would like to comment on the mechanism
for the dissociation of copper aldimines to alkylnitriles
and alkylcopper. One of the probable mechanisms in-
volves the cleavage of copper aldimines to give alkylnitrile
and organocopper. The latter reagent disproportionates to
yield equal amounts of alkane, alkene, and metallic cop-
per (eq 6 and 7). However, as can be seen in Table VI, the
yield of 2,4,4-trimethyl-2-pentene was higher than that of
2,4,4-trimethylpentane. Moreover, in the decomposition of
the 2-phenyl-2-butylcopper intermediate, 2-phenvl-2-bu-
tene was formed in about 25-30% higher yield than sec-
butylbenzene. To account for the increase in olefin yield
we would like to suggest that the copper aldimine, besides
dissociating to give nitrile and alkylcopper (eq 6), can also
dissociate via transition state 10 (eq 12) to yield nitrile
and olefin.

CH>* ,xh3

CH3i N=<X '
g ~ N ch3

Cu
hx 'CV h"
CH3 ~ rH

CH: CH3
10

t-BUuCN + hXx—c: + CuH (12

ch3

Experimental Section

Melting points were measured with a Mel-Temp apparatus and
both melting and boiling points are uncorrected. Infrared spectra
were obtained using a Perkin-Elmer Model 257 spectrophotome-
ter. Nuclear magnetic resonance spectra were recorded on a Var-
ian A-60 or Brucker 90-MH spectrophotometer; chemical shifts
are reported in parts per million downfield from tetramethylsil-
ane and coupling constants are in hertz. Low-resolution mass
spectra were obtained on a Nuclide electron impact mass spec-
trometer. Glpc analyses were carried out on F & M Model 500 gas
chromatograph under reported conditions. Microanalyses were
performed by the Beller Laboratories, Gottingen, Germany.

Solvents. Reagent-grade tetrahydrofuran (THF) and diethyl
ether were distilled from lithium aluminum hydride under nitro-
gen and stored over 3A Molecular Sieves. Bulk solvents were dis-
tilled before use. Industrial grade dimethylformamide (DMF) was
purified by distilling from barium oxide and discarding a forecut.

Reagents. Isocyanides were synthesized using a recent proce-
dure.23 Cuprous iodide was dried in an oven (120°) for 6 hr and
cooled in a desiccator just before use. Organolithium reagents
purchased from Foote Minerals Co. were titrated before use.24
Grignard reagents were prepared using standard procedures and
analyzed whenever it was necessary. Established procedures were
used to prepare organocopper reagents.25 All other reagent-grade
materials were purified by distillation.
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General Procedure for Preparing Metallo Aldimines. The
following procedure is typical of compounds reported in Tables
1V-VI.

To 2.085 g (15 mmol) of TMBI dissolved in 15 ml of dry ether
at room temperature, under an argon atmosphere, was added 15.5
mmol of ierf-butyllithium (in pentane) over a period of 2-3 min.
After stirring for 10 min at room temperature, 3.04 g (16 mmol) of
Cul was added and the mixture was stirred for 2.5 hr at ambient
temperatures. The mixture was poured onto a mixture of ice and
hydrochloric acid, under argon, and extracted with ether after
separating inorganic material by filtration. The ether extract was
washed with aqueous ammonia, dilute hydrochloric acid, and
water, and dried over anhydrous sodium sulfate. Glpc analysis
using an authentic sample on a 10 ft X 0.25 in. 10% LS 420 and
5% DEGS on 60/50 AWCP column at 90° indicated that tert-
butyl cyanide was formed in 61% yield.

Glpc analysis using authentic samples on the above column at
40° showed the yield of 2,4,4-trimethylpentane and 2,4,4-tri-
methyl-2-pentene to be 18 and 32%, respectively, when the yield
of tert-butylnitrile was 46% (entry 2, Table I11).

Identification of n-Butyl 1,1,3,3-Tetramethylbutyl Ketone.
n-Butyl 1,1,3,3-tetramethylbutyl ketone was identified by ir, nmr,
and mass spectral analysis: bp 79-80° (3 mm); ir (CCD 1702 (s)
and 1368 cm"1; nmr (CCD S0.87 (12, s), 1.11 (6, 2), 1.78-1.11 (4,
broad), 1.62 (2, s), 2.42 (2, t,/ = 7 Hz); mass spectrum parent
ion m/e 198.

Anal. Calcd for Ci3H260: C, 78.8; H, 13.22. Found: C, 78.76; H,
13.13.

Identification of iV-(1,1,3,3-Tetramethylbutyl)pentanamide.
JV-(1,1,3,3-tetramethylbutyl)pentanamide was identified by ir,
nmr, and mass spectral analysis: bp 108-110° (4 mm); ir (CCD
3440, 3360-3330, 1685 (s), 1508, and 1376 cm*“1; ntnr (CC14) 5 0.99
(12, s), 1.36 (6, s). 1.79 (2, s), 1.78-1.11 (4, broad), 2.09 2, t,J =7
Hz), 6.8 (1); mass spectrum m/e 213, 198, 171, 156, 142, 114, 102,
72, 58, 57.

Anal. Calcd for C13H27NO: C, 73.19; H, 12.76; 0, 7.50. Found:
C, 73.20; H, 12.73; 0, 7.48.

Identification of N-(1,1,3,l-Tetramethylbutyl)-2 -methylbut-
anamide. N-(I,1,3,3-Tetramethylbutyl)-2-methylbutanamide was
identified by ir, nmr, and mass spectral analysis: mp 86-88°; ir
(CCD 3435, 1685 (s), 1505, and 1372 cm*“1; nmr (CC14) 6 0.86-
1.07 (14, m), 1.36 (6, s), 1.72 (3, d, J = 8 Hz), 1.57-2.08 (3,
broad), 5.22 (1, broad); mass spectrum m/e 213, 198, 156, 142,
114,102,97, 58, 57.

Anal. Calcd for C13H27NO: C, 73.19; H, 12.76; N, 6.56. Found:
C, 73.33; H, 12,70; N, 6.54.

Identification of N-(l, 1,3,3-Tetramethylbutyl)-2,2-dimethyl-
propanamide. N-(1,1,3,3-Tetramethylbutyl)-2,2-dimethylpropan-
amide was identified by ir, nmr, and mass spectral analysis: mp
85-86°; ir (CD 3440, 1670 (s), 1505, and 1370cm -1; nmr (CCD &
1.0 (9, s), 1.10 (9, s), 1.33 (6, s), and 1.71 (2, s); mass spectrum
m/e 213,198, 156,142,112, 97, 85,57, 55.

Anal. Calcd for C13H27NO: C, 73.19; H, 12.76; N, 6.56. Found:
C, 73.31; H, 12.64; N, 6.63.

General Procedure for the Reaction of Organolithium Re-
agent with TPMI. The following procedures A and B are typical
of reactions run in 1:1 and 2:1 ratios, respectively (Table 1V).

A. To a stirred solution of 2.69 g (10 mmol) of TPMI dissolved
in 20 ml of dry THF at -78° under a dry argon atmosphere was
added 10 mmol of ierf-butyllithium (in pentane) over a period of
2-3 min. After stirring for 30 min at -78°, the mixture was
poured onto an ice-water, extracted with ether, and dried over
anhydrous sodium sulfate. Glpc analysis indicated the yield of
tert-butyl cyanide to be 88%.

B. To a stirred solution of 5.38 g (20 mmol) of TPMI dissolved
in 30 ml of dry THF at —78° under an argon atmosphere was
added 40 mmol of tert-butyllithium (in pentane) over a period of
8-10 min. After stirring for an additional period of 30 min, the
mixture was brought to room temperature and stirred for 2 hr.
The reaction mixture was worked up as above, and after the ether
extract was concentrated, the crude ketimine was refluxed with
dilute hydrochloric acid for 2 hr. The ether extraction was con-
centrated and distilled to give 2.13 g (~75%) of di-fert-butyl ke-
tone, bp 150-151°.

Di-tert-butylketimine. The above procedure was repeated but
omitting the acid hydrolysis step. The reaction mixture was
poured into an ice-water mixture and extracted with either. Dis-
tillation of the crude reaction product gave 2.18 g (77.4% yield) of
di-tert-butylketimine:6 bp 163-163.5° ir (neat) 1610 and 1372

cm-1; nmr (CCD 3 L24 (18, s), 0.95 (1, broad); mass spectrum
parent ion m/e 141.
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Anal. Calcd for COH1I9N: C, 76.53; H, 13.56. Found: C, 76.57,
H, 13.66.

Identification of Dimesitylketimine. Dimesitylketimine was
identified by ir, nmr, and mass spectral analysis: mp 124-125.5°;
ir (CHCla) 3540-3260 (broad), 1620, 1600 (s), 910, and 855 cm" 1
(s); nmr (CC14) 8 2.29 (12, s), 2.44 (6, s), and 9.11 (1, broad);
mass spectrum m/e 265.

Anal. Calcd for Ci9H23N: C, 85.98; H, 8.74. Found: C, 85.86; H,
8.76.

General Procedure for the Reaction of Grignard Reagent
with TPMI. Primary Grignard Reagent. To a stirred solution of
35 mmol of freshly prepared rc-butylmagnesium bromide in ether
at room temperature and under an argon atmosphere was added
4 g (15 mmol) of TPMI dissolved in dry THF over a period of 2-3
min. The reaction mixture was refluxed for 2 hr, poured onto a
mixture of ice-dilute hydrochloric acid, and extracted with ether.
Glpc analysis on a 6 ft x 0.25 in. XE-60 column indicated a 10-
20% yield of rc-valeronitrile. Concentration of solution followed by
elution through alumina column with a mixture of ether-pentane
as eluent gave 0.72 g (58% yield) of 5-amino-4-cyanononene-4 (2)
whose spectral properties were identical with that of an authentic
sample, prepared as below.

5-Amino-4-cyanononene-4 (2). To 2.9 g (35 mmol) of rc-valero-
nitrile dissolved in 5 ml of dry THF at 0° under an argon atmo-
sphere was added 20 mmol of rc-butylmagnesium bromide over a
period of 10 min. The mixture was refluxed for 3 hr and the resin-
like material along with solvent was poured onto a dilute hydro-
chloric acid-ice mixture. The ether extract was washed once with
water and twice with saturated sodium chloride solution and
dried over anhydrous sodium sulfate. Vacuum distillation of the
concentrated crude product gave 1.45 g (49% vyield) of pure prod-
uct: bp 142-143° (5 mm) [lit.9 bp 125-126° (3 mm)]; ir (CC14)
3490, 3390, 3360 (m), 2190 (s), and 1632 cm 1 (vs); nmr (CC14) 8
4.72 (s, 2, position concentration dependent), 2.35 (t, 2), 1.97 (t,
2), 1.47 (complex, 6), 0.95 (t, 6); mass spectrum parent ion m/e 166.

Hydrolysis of 5-Amino-4-cyanononene-4. An aqueous solution
of 2.85 g of 2 in dilute hydrochloric acid was refluxed for 6 hr and
evaporation of the ether extract gave about 2.86 g (~ 100%,
crude) of product, which was then distilled: bp 100-101° (5 mm)
[lit.9 bp 127-128° (18 mm)]; ir (CC14) 2245 (m), 1728 cm' 1 (vs);
nmr (CC14) 8 3.43 (t, 1), 2.72 (t, 2), 1.25-2.0 (complex, 8), 1.06 (t,
6).

Identification of 2-Amino-l-cyano-I,3-dicyclohexylpropene
(3). 2-Amino-Il-cyano-1,3-dicyclohexylpropene was identified by
its ir and nmr analysis: mp 134-136°; ir (CC14) 3475, 3380, 2190
(s), 1620 cm-1 (vs); nmr (CDC13) 84.11 (2, broad), 2.27 (2, d, J =
7 Hz), 2-2.26 (1, t, overlapping with cyclohexyl protons), 1-2 (21,
complex).

Anal. Calcd for Ci6H26N2: C, 78.0; H, 10.54. Found: C, 77.7; H,
10.62.

Secondary Grignard Reagent. To 35 mmol of cyclohexylmag-
nesium bromide in ether at 0° under an argon atmosphere was
added 8.07 g (30 mmol) of TPMI dissolved in 40 ml of dry THF.
The mixture was refluxed for 1.5 hr, poured onto an ice-dilute
hydrochloric acid mixture, and extracted with ether. The ether
extract was washed with water,, saturated with sodium chloride
solution, and dried over anhydrous sodium sulfate. Glpc analysis
in a 10 ft x 0.25in. 10% LS 420 and 5% DEGS and 60/50 AWCP
column showed that cyclohexyl cyanide was formed in 94% yield.

After removing the solvents the mixture was distilled to give
2.55 g (78% yield) of cyclohexylnitrile, bp 44-45° (4 mm) [lit.26 bp
72-75° (12 mm)], ir (CC14) 2248 cm-1 (m).

Tertiary Grignard Reagent. To 15 mmol of tert-butylmagnes-
ium bromide in ether at room temperature under an argon atmo-
sphere was added 2.5 g (10 mmol) of TPMI dissolved in 15 ml of
dry THF over a period of about 90 sec. The mixture was refluxed
for 2 hr and poured onto ice-dilute hydrochloric acid mixture.
Glpc analysis of the ether extract showed that iert-butyl cyanide
was formed in 6-7% yield. The unreacted trityl isocyanide was
recovered.

In a like manner, the Grignard reagent was prepared in THF
and the reaction mixture was refluxed for 10 hr. Infrared analysis
of the reaction product indicated the absence of TPMI. The major
product was observed to be triphenylmethyl cyanide with less
than 5% yield of fert-butyl cyanide.

Aromatic Grignard Reagent. To 2.42 g (9 mmol) of TPMI dis-
solved in 10 ml of dry THF at 0° under an argon atmosphere was
added 9 mmol of mesitylmagnesium bromide over a period of 5
min. After refluxing for 2 hr, the reaction mixture was worked up
as usual. Glpc analysis using an authentic sample indicated the
yield of 2,4,6-trimethylbenzonitrile to he 17%.
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The above reaction was repeated but refluxed for 18 hr before
work-up. The yield of 2,4,6-trimethylbenzonitrile was observed to
be 39%.

General Procedure for the Reaction of Organocopper Re-
agent with TPMI. Reaction of rc-Butylcopper with TPMI. To
3.82 g (20 mmol) of dry cuprous iodide in 15 ml of dry ether at
- 20° under an argon atmosphere was added 20 mmol of rc-butylli-
thium (in hexane) drop by drop over a period of 20-25 min, giving
a black solution. After the cold bath was removed, 2.69 g (10
mmol) of TPMI dissolved in 20 ml of dry THF was added over a
period of 1-2 min at a rate such that the temperature of the mix-
ture was brought to 25°. The mixture was refluxed for 6.5 hr and
then poured onto cold water under an argon atmosphere. After
the inorganic residue was filtered off, the ether extract was
washed with ammonia solution followed by dilute acid and finally
with water. Glpc analysis of the dried (Na2S04) reaction mixture
indicated a 38% yield of rc-valeronitrile. After solvents were re-
moved, the mixture was refluxed for 3 hr with dilute hydrochloric
acid and extracted with ether. Glpc analysis indicated <2% yield
of 5-nonanone.

Reaction of Lithium Di-rc-butyl Cuprate with TPMI: To an
ether solution of 25 mmol of rc-butyllithium (in pentane) and 2.38
g (10.5 mmol) of cuprous iodide was added 2.69 g (10 mmol) of
TPMI in 20 ml of THF. The reaction was stirred for 6 hr at 25°
and worked up in the usual manner. Glpc analysis on a 10 ft x
0.25 in. 10% LS 420 and 5% DEGS and 60/50 AWCP column indi-
cated a 40% vyield of rc-valeronitrile. The yield of triphenylmeth-
ane was found to be 84% from glpc analysis on a 4 ft x 0.25 in.
SF-96 column. The inorganic residue was stirred with 20 ml of
THF for 30 min over a steam bath. Filtration followed by addi-
tion of petroleum ether (bp 30-60°) gave <0.1 g of triphenylcarbi-
nol, mp 161-163°; ir was found to be identical with that of an au-
thentic sample.
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Treatment of the 2-chloromethyloxazine 2 with lithium hexamethylsilazane produces the a-chloromethyloxa-
zine carbanion 12 which, upon alkylation, leads to the elaborated oxazine. The latter may be reduced and hy-
drolyzed to a-chloro aldehydes or directly hydrolyzed to a-chlorocarboxylie acids. Studies on 2 using aryl Gri-
gnard reagents gave satisfactory yields of coupling products which ultimately led to arylacetic acids. However,
alkyl Grignard or lithium reagents led to an array of products, indicating that this process would not be synthe-

tically useful.

The synthetic utility of the 2-substituted 5,6-dihydro-
1,3-oxazine 1 has been well established in previous reports
from these laboratories. A series of substituted acetal-
dehydes has been prepared from, the 2-methyl-, 2-benzyl-,
and 2-carboethoxyoxazines |a, while a/i-disubstituted
propionaldéhydes have been obtained from the 2-vinyl
syste .J Use of the 2-isopropyl- or other 2-isoalkyloxa-
zines IC served as precursors to a-(quaternar)idparbon) ke-
tones,4 whereas the 2-alkylidene derivatives led to ad-
ditional a-branched ketones.1 It, therefore, becomes evi-
dent that the nature of the R moiety in the oxazine 1im-
parts considerable versatility to its synthetic usefulness
and further studies were undertaken to introduce other
substituents of varied structure. One such substituent
chosen for its potential utility was the chloromethyl
group, 2. This derivative was readily prepared by con-
densing chloroacetonitrile and 2-methyl-2,4-pentanediol in
cold sulfuric acid according to previously described proce-
dures for obtaining these oxazines.3

la, R = CH3 CHZh; COEt

Ib, R=CH=CH,

Ic, R = CHMe2

1d, R=MeCH=iCHzZPhCH=CH2
2, R=CHZ1

Results and Discussion

Reaction of 2-Chloromethyloxazine (2) with Grignard
Reagents. A study to determine whether it was feasible to
couple the 2-chloromethyloxazine with Grignard reagents
was initiated solely for the purpose of obtaining elaborat-
ed oxazines 3 that would then serve as precursors to the
substituted acetaldehydes 4. If successful, this sequence
would possess three distinct advantages: (a) eliminate the
use of n-butyllithium to form the anion 5; (b) provide an
alternative route to the elaborated oxazine 3; and (c)
overcome the lack of nucleophilic displacement of aryl ha-
lides with 5 and provide a method for arriving at aryl-

methyl oxazines 6 (and ultimately to arylacetaldehydes).
By placing an electrophilic site on the oxazine and utiliz-
ing organometallics as the nucleophilic moiety, the roles
of the reagents would essentially be reversed from the
original oxazine-aldehyde synthesis.

DHOCHX) + RMgX —* DHOCHR — » 0=CHCH®R
2 3 4
DHOCHAi + ArX -V DHOCH2Ar
5 6

The reactions of 2With methyl, ethyl, and phenyl Gri-
gnard reagents, as suitable models, were surveyed under a
variety of conditions. Treatment of £ with 1.0 equiv of the
above Grignard reagents led mainly to recovery of starting
materials (~ 70-80%) when either ether or THF was used
as solvent. This implies that a complex between 2and the
Grignard was formed initially without any subsequent
transformation. The possibility that proton abstraction
from 2 occurred, producing the anion 7, was precluded
when the recovered chloromethyloxazine was found to be
devoid of deuterium upon quenching in deuterium oxide.

dd

DHOCH./Il + RMgX -V DHOCH"MgX+ DHOCHDC1

a.
2 7

When 2.5 equiv of Grignard reagent was added to 2 and
the ethereal solution was heated overnight at reflux,
mixtures of products were obtained (Table I). In all in-
stances coupling products were obtained in poor to moder-
ate yields (10-30%) accompanied by starting material and
intractable tars. For the reaction of with ethyl and
methyl Grignard, the 2-methyloxazine was found to ac-
company the coupling products. These probably arose
from “functional exchange” 5 between 2 and the Grignard
reagent prior to quenching. The most interesting product
observed was the 2-ethyloxazine 8 from ethyl Grignard
and the 2-phenyloxazine 9 from 2-phenyl Grignard. Both
of these compounds have been prepared previously6 and
comparison confirmed their identity. Formation of these
oxazines may be rationalized by an addition-elimination
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Reaction of RMgX + 2-Ch|oro%ae?Ilﬁllloxazine (2) in Ether (35°, 16 hr)

Grignard (equiv) ; ——

CHsMgl (2.5) DHOCHSs (20%)
CHIHMgBTr (2.5) DHOCH3(20%)
CeHsMgBr (2.5) DHOCHJPh (30%)

Products™

DHOCHZXH3 (20%)
DHOCHZXH3(5%)
DHOPh (70%)

DHOCHZH3H3(20%)

“ Separated by gle (SE-31 on Diatoport S) and collected for structure verification. Unidentifiable materials accounted for

40-60% of the total material balance.

pathway on the chloromethyloxazine 2 producing the
chloromethylmagnesium halide. No products derived from
this species could be detected. The presence of 8 and 9

8, R—Et
9, R=Ph

was unexpected in view of the fact that the C=N link in
oxazines has repeatedly been shown to be inert to Gri-
gnard reagents.3 The presence of the electronegative halo-
gen-containing substituent, however, might render the
C=N link in 2 sufficiently electrophilic to allow Grignard
addition. These results indicate that direct coupling of
Grignard reagents with 2 is not a synthetically feasible
process. Changing solvents from ether to THF provided
comparable mixtures of products and, thus, proved equal-
ly disappointing.

In light of the remarkable solvating properties of hex-
amethylphosphoramide7 [HMPA = (Me2N)sPO] and its
effect upon coupling of Grignard reagents with alkyl ha-
lides,8 its use in this study was evaluated. Treatment of 2
with phenylmagnesium bromide in THF previously com-
plexed with 2.0 equiv of HMPA gave the coupling product
10 in 65% yield along with 5% of the |,2-bis(oxazinyl)eth-
ylene Il and 12-15% of starting material. The appearance

THF
2 + PhMgBr-2HMPA — *

of the ethylene derivative was not surprising in light of
previous studies9 which showed that Grignard reagents
tend to become stronger bases in the presence of HMPA.
Thus, 11 would arise from proton abstraction from 2 lead-
ing to the anion 12 which displaces choride ion from un-
reacted 2 forming the bischloro adduct 13. The latter
would be expected to eliminate hydrogen chloride in the

presence of the basic medium or upon aqueous work-up.
To confirm that 11 does indeed arise from the enhanced
base strength of the Grignard reagent, the reaction was re-
peated using 1:1 THF-HMPA. The large excess of HMPA
now present led to an 80% yield of 11 and only traces of
the coupled product 10. When 2 was treated with ethyl or
methyl Grignard reagents complexed with 2.0 equiv of
HMPA, only 11 was produced. This result is consistent
with previous observations9 that Grignard reagents con-
taining sp3 carbon bonded to the magnesium become
more basic than their sp2- or sp-bonded counterparts. In
other words, alkyl Grignard reagents are stronger bases
than aryl, benzyl, vinyl, or acetylenic Grignard when com-
plexed with HMPA.10

In order to evaluate the scope of aryl Grignard coupling,
p-biphenylmagnesium bromide was added as its HMPA
complex in THF to an ethereal solution of the chlo-
romethyloxazine. The coupled adduct was then hydro-
lyzed, without purification, to p-biphenylacetic acid (15)

MgBr «2HMPA

<0H § H hDHO < g~~~ _¢cH TOH.

14 15

in 48% overall yield. Similarly, phenylmagnesium bro-
mide was transformed into phenylacetic acid in 57% over-
all yield. It, therefore, seems reasonable to conclude that
aryl Grignard reagents may be homologated to their acetic
acid derivative by simple coupling with the chloromethyl-
oxazine. Two-carbon homologation of vinyl, benzyl, and
acetylenic Grignard reagents should likewise take place,
although these experiments have not been performed.
Reaction of Chloromethyloxazine 2 with Organolithi-
um Reagents. In view of the fact that the HMPA-com-
plexed Grignard reagents removed the a proton of the
chloromethyloxazine leading to the bis(oxazinyl)ethylene
11, it was desirable to evaluate the more basic organolith-
ium reagents which might lead to a stable oxazine carban-
ion. If this could be realized, then a route to a-chloro al-
dehydes andff-chloro aicds would be cleared (Scheme 1).

Scheme I
H
DHOCHL.i DHOCHR 0=CCHR

I I I
cl Cl Cl

DHOCHIiCI

Treating 2 with n-butyllithium in THF or ether, at
-78°, followed by addition of ethyl iodide, produced a
mixture of products, the major one being the desired 2-
(a-chloropropyl)oxazine 16. Also found were the ethy-
leneoxazine 11 and varying amounts of dialkylated chlo-
rooxazine 17. Varying the quantities of n-butyllithium
from 1.0 to 2.0 equiv effected only slight changes in the
composition of the mixture. When 1.0 equiv of n-butyl-
lithium was employed, little or no dialkylated product 17
was formed. In contrast to these results, the use of tert-
butyllithium followed by introduction of methyl iodide
gave generally lower yields of the desired alkylated prod-
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Alkylation of 2-Chloromethyloxazine with LithiuTnngklessl(ltrimethyIsiIyI)amide (LIBSA) in Tetrahydrofuran

LiBSA

DHOCHZX1 RX (U equiv) DHOCHR +
. a .

18, R = CH3

16, R=C H5
Entry Equiv RX Temp,“ °C Time, hré % 2 % 16 or 18 %a'
| i ch3 -78 0.5 40 60 0
2 2 CH3 -78 0.5 3 97 0
3 2 CH3 -78 2.0 2 97 1
4 2 cm -30 2.0 2 68 30
5 2 CHal 0 1.0 2 36 62
6 2 ch3 -78 c 2 98 0
7 2 chXxhi -78 0.5 0 100* 0
8 2 CHXH®Br -78 0.5 1 93e 6
9 2 CHXHZ1 -78 0.5 16 7 77

° Temperatures at which 2 and base were mixed. bTime elapsed prior to addition of alkyl halide at the temperatures indi-
cated. Reaction solutions were allowed to gradually warm to room temperature. c Methyl iodide added to solution of base
followed by addition of 2. dContained 7% dialkylated material, 17.eContained 3% dialkylated material, 17. ! Product ratios
were determined by vpc; isolated yields of 16 or 18 were slightly lower.

uct 18 along with the coupling product 19. The disap-
pointing results obtained with alkyllithium reagents,
namely coupling, polyalkylation, and reactions between 2
and its lithio salt, rendered the feasibility of Scheme I
guestionable.

1 K-BuLi
DHOCHICI
2. CHTHJ
DHO
dhochchZzh3 + DHO + DHOC(CHZH,)2
Cl Cl

16(60-85%) 11 (10-17%) 17 (0-20%)

DHOCHfil —-"Bl-~
2. CHJ

DHOCHCHs + DHOCHACHj)),

Cl
18 (24-70%) 1 (3-24%)

Attention was then focused on an alternative base, lith-
ium bis(trimethylsilyl)amide (LiBSA), as a suitable re-
agent which might minimize both coupling and polyalk-
ylation owing to its steric bulk and poor nucleophilic
character. This base has been successfully used by
Rathkell in his elegant alkylation of acetic esters. Fur-
thermore, the base is conveniently prepared from hexa-
methyldisilazane32 and is a stable, easily handled reagent
soluble in both polar and nonpolar solvents.

Addition of 2 to a solution of LIBSA at -78° in THF,
followed by introduction of T20-DC\ at this temperature,
gave the chloromethyloxazine devoid of any deuterium in-
corporation. It thus became evident that a proton is not
abstracted from 2 at this temperature. This implied that
it should be possible to introduce 2, the lithium base, and
the alkyl halide all-together at -78° and allow the reac-
tion to warm slowly. When the proton is removed at some
elevated temperature, the presence of the alkyl halide
should allow alkylation in a style more competitive than
that observed with n-butyl- and tert-butyllithium. This,
indeed, proved to be the case. Allowing a THF solution
containing 2, methyl iodide (1.1 equiv), and LiBSA (2.0
equiv) to warm from -78 to -30° and then quenching

19 (20-38%)

. LiBSA, CH3
DHOCH;CI DHOCHCHs +
-78 - -30°
2
Cl
18 (97%) H (~ 1%)

gave 18 in 97% yield along with a trace of the ethylene 11.
A study was carried out to assess the stoichiometry, tem-
perature, and nature of the halide. The results are pre-
sented in Table II.

As seen from the tabulated results, 2.0 equiv of LiBSA
was required to effect efficient alkylation (entry 1 and 2).
Presumably, the base and chloromethyloxazine anion are
in equilibrium and the excess base produced a higher con-
centration of the oxazine anion. The amount of ethylene
product 11 becomes significant at temperatures above
-30° (entries 3-5), which means that the anion is forming
very rapidly at these temperatures and coupling with 2 is
facile. It is also evident from Table Il that the order of in-
troduction of the reactants at —78° is of no consequence
(entry 2 and 6), since, as already mentioned, no reaction
takes place at this temperature. Varying the halogen from
Cl to Br to | gave the expected results (entries 7-9). Reac-
tion with ethyl chloride was poor as seen by the 7% yield
of alkylated product. The anion undoubtedly preferred
reaction with the chloromethyloxazine, producing the eth-
ylene product in 77% yield. The small quantity of diethy-
lated material in entries 7 and 8 was readily removed by
distillation and presented no difficulties in preparative
runs.

In order to demonstrate that this technique was indeed
useful for the preparation of a-chloro aldehydes, 2 was al-
kylated with benzyl bromide and 3-phenylpropyl iodide,
giving the elaborated oxazines 20 and 22, respectively.
Subjecting these oxazines to the usual borohydride reduc-
tion13 and acidic hydrolysis furnished the a-chloro al-
dehydes 21 and 23 in overall yields (from 2) of 55 and
53%, respectively. This synthesis of a-chloro aldehydes,
therefore, provides a useful alternative to the existing
methods which involve direct chlorination.14 The addition
of dichloromethyllithium to carbonyl compoundsi5 is also
noteworthy.

PhCH,Br 1. BH,- H
LiSBA DHO(;-HCHZDh 0=CCHCHZh
Cl Cl
DHOCHZI 20 21
2
PMCH23 1 BH“? H
LisBA DHOCH(CH2®h 5 hms O CCH(CHaPh
Cl Cl
22 23
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Since oxazines have been hydrolyzed to carboxylic
acids, this sequence should be applicable to a-chlorocar-
boxylic acids. Heating 20, for example, with aqueous hy-
drobromic acid-sodium bromide did produce the carbox-
ylic acid 24 in good yield, but as a mixture of the chloro
and bromo derivatives. The poor results obtained on hy-
drolysis using hydrochloric acid16 precluded its use. A
milder, more efficient oxazine cleavage was achieved by
converting 20 to its methosulfate salt 25 (X =
OSO3CH3-) and treating it with water. This gave the
open-chain amino ester 26 in good yield. The latter was
stirred in a weakly alkaline solution for a few minutes,
which afforded the amide 27. Reacidification with 9 N hy-

DHOGHCHPh — - HOZCHCHZh
cl X
20 24 (X = Cl, Br)
27

drochloric acid resulted in amide cleavage and furnished
the a-chloro acid 24 (X = CI) in 82% vyield. The entire
cleavage operation was carried out in a single vessel with-
out isolation of any of the intermediates.17 The meth-
iodide salt 25 (X = 1) could not be employed in this se-
quence owing to its instability. Upon standing, the iodide
ion in 25 reacts with the chlorine substituent, generating
copious amounts of iodine vapor.

In an effort to vary the nature of the electrophile that
could react with the chloromethyloxazine carbanion, it is
unfortunate that enolizable carbonyl compounds must be
excluded. This is due to the fact that current conditions
require all the reactants to be present simultaneously at
-78°. For nonenolizable carbonyl compounds, reactions
with LIBSA have also been reported.18 Nevertheless,
when a solution of 2, benzophenone, and 2.0 equiv of
LiBSA was allowed to warm slowly from -78 to 0° and
quenched, the chlorohydrin 30 was obtained in 65% yield.
Of interest is the fact that the hydroxy group in 30 is a to

1

Ph
DHOCHOoCI PhC =0 DHOCH- iv
Ph
Cl OLi
28
/ Ph i
DHOCH— C mLiCl DHOCH— C
\0/X fh ! IX Ph
OH Cl
29 30

the oxazine ring, which probably arose from the initial ad-
duct 28 passing through the epoxide 29. The latter rear-
ranged either under the influence of lithium chloridel9 or
during the aqueous work-up which involved dilute hydro-
chloric acid.

J. Org. Chem., Voi. 39, No. 5, 1974 621

In summary, the 2-chloromethyloxazine appears to pos-
sess the potential for elaborating aryl Grignard reagents
by two carbons to their acetic acid derivatives and further
provides a route to a-chloro aldehydes and carboxylic
acids. In the accompanying paper, the chloromethyloxa-
zine is shown to serve as a useful precursor to phosphorus
ylides and carbanions whose synthetic utility will be dem-
onstrated.

Experimental Section

Melting points and boiling points are uncorrected. Elemental
analyses were performed by Galbraith Laboratories, Inc., Knox-
ville, Tenn., Midwest Microlabs, Inc., Indianapolis, Ind., and At-
lantic Microlabs, Inc., Atlanta, Ga. Infrared spectra were deter-
mined on a Perkin-Elmer 257 grating spectrophotometer. The
nmr spectra were measured with Varian A-60A and T-60 instru-
ments using carbon tetrachloride or deuteriochloroform as solvent
containing tetramethylsilane (~ 1%) as the internal standard.
Mass spectra were obtained on an Atlas CH-4 spectrometer at 70
eV. Thin layer chromatography (tic) was carried out on silica gel
G (PF254). The chromatograms were developed in an iodine
chamber. Preparative thick layer chromatography (pic) was per-
formed on silica gel G (PF254) and visualization of the chromato-
gram was effected by exposure to short-wave uv light (Blak-Ray
UVL-21). Vapor phase chromatography (vpc) analyses were per-
formed on an F & M Model 810 (thermal conductivity) chromato-
graph with column A, 10 ft X 0.25 in. o.d. copper tubing contain-
ing 7% (w/w) Silicone Fluid SE-30 on Chromosorb P; a Hewlett-
Packard Model 5750 (flame ionization) chromatograph with col-
umn B, 6 ft X 0.125 in. o.d. stainless steel UCW 98, 80-100 mesh,
column C, 18 ft x 0.125 in. o.d. UCW 98; or a Hewlett-Packard
Model 5750 (thermal conductivity) chromatograph with column
D, 6 ft X 0.25 in. o.d. copper tubing containing 10% (w/w) Sili-
cone Fluid SE-31 on Diatoport S. Hexamethylphosphoric tri-
amide (HMPA) was dried over molecular sieves (Linde) and dis-
tilled onto molecular sieves for storage under argon.

2-Chloromethyl-4,4,6-trimethyl-5,6-dihydro-1,3-oxazine (2).
To a 500-ml flask equipped with a thermometer, a stirrer, and a
125-ml addition funnel was added 100 ml of concentrated sulfuric
acid. The acid was cooled to 0-5° with an ice-acetone bath and
41.6 g (0.55 mol) of chloroacetonitrile was added at such a rate
that the temperature was maintained at 0-5°. After the addition
of the nitrile was completed, 59 g (0.4 mol) of 2-methyl-2,4-pen-
tanediol was added at such a rate that the same temperature (0-5°)
was maintained. The mixture was stirred for an additional 1 hr
and then poured onto 400 g of crushed ice. The aqueous solution
was extracted with four 50-ml portions of methylene chloride (and
the methylene chloride extracts were discarded). The cold aque-
ous acid solution was carefully poured into a cooled (0°) beaker
containing 400 g of sodium bicarbonate and 300 ml of diethyl
ether. Upon becoming neutral a red-yellow oil appeared that was
taken up in the ether layer. The aqueous layer was extracted with
four 200-ml portions of diethyl ether (water was added as needed)
and the combined ether extracts were dried over anhydrous po-
tassium carbonate. The ether was removed by rotary evaporation
and the residue was distilled through a 20-cm fractioning column
to give 47-57 g (55-63%) of a colorless liquid: bp 41° (1.0 mm); ir
(film) 1665 cm*“ 1, nmr (CCL,) ¢ 1.2 (s, 6), 1.3 (d, 3), 1.7 (d oft, 2),
3.9 (s,2),4.2(m,1).

The product can be stored indefinitely under nitrogen at -20°
over afew grains of potassium carbonate.

Anal. Caled for C8Hi4NOCI: C, 54.70; H, 8.03; N, 7.97. Found:
C,54.92; H, 7.98; N, 7.76.

Treatment of 2-Chloromethyl-4,4,6-trimethyl-5,6-dihydro-
1,3-oxazine (2) with Various Grignard Reagents in Ether or in
THF. In general, coupling reactions attempted between 2 and ex-
cess Grignard reagents gave mixtures as described in the discus-
sion. The mixtures were analyzed on vpc volumns B and D and
by tic and nmr. Assignments of structure were made by compari-
son of isolated materials with authentic samples prepared by al-
ternate routes.3The following procedure is a typical one.

Treatment of 2 with 2 Equiv of Phenylmagnesium Bromide
in Ethyl Ether. Phenylmagnesium bromide was prepared in the
usual way from magnesium (3.14 g, 0.02 mol) in ether (30 ml). It
was then added slowly to 2 (1.76 g, 0.01 mol) in ether (20 ml) and
heated to reflux for 16 hr. The dark mixture was then cooled in
an ice bath, 5 ml of cold 1 N hydrochloric acid was added slowly,
and the mixture was poured over ice and made acidic (pH ~3).
The acidic mixture was extracted with ether (3 X 50 ml) and the
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ether extracts were discarded. The aqueous solution was neutral-
ized with sodium bicarbonate and the neutral mixture was ex-
tracted with ether (4 X 50 ml). The neutral ether extracts were
dried over potassium carbonate and evaporated to give 1.49 g of
brown liquid. The nmr and ir spectra were consistent with a 70:30
mixture of 2-phenyl-1,3-oxazine 9 and 2-benzyl-l,3-oxazine 10.3
The products did not separate on vpc columns B, C, or D. The
mixture was separated by elution on a silica gel (28-200 mesh)
column with ether. The oxazine 9 was the first component to
elute from the column, followed by 10.

Treatment of 2 with 1 Equiv of Phenylmagnesium Bromide
in the Presence of 2 Equiv of HMPA. Preparation of 10 from 2.
Phenylmagnesium bromide was prepared from magnesium (0.3 g)
and bromobenzene (1.57 g, 0.01 mol) in THE (20 ml). To the Gri-
gnard solution was added HMPA (3.58 g, 0.02 mol), which be-
came warm on mixing. The solution was added slowly to 2 (1.76
g, 0.01 mol) in ether (35 ml) via syringe and the resultant solution
was refluxed for 18 hr. The solution was poured into ice water,
made acidic (pH ~3), and extracted with ether, and the ether
extracts were discarded. The aqueous acid solution was neutral-
ized with sodium bicarbonate and extracted with ether, and the
neutral ether extracts were dried and evaporated to yield an
amber product (1.66 g) which consisted of 103 (85%) and recov-
ered 2 (15%).

Reaction of 2 with 1 Equiv of Phenylmagnesium Bromide in
50:50 HMPA-THF. Preparation of 11. Phenylmagnesium bro-
mide was prepared as described above. To the Grignard solution
was added HMPA (3.58 g, 0.02 mol). On mixing, some heat was
liberated. The resultant solution was then added slowly to 2 (1.76
g, 0.01 mol) in a mixture of THF (25 ml) and HMPA (25 ml) and
heated to reflux for 18 hr. The product was isolated as in the pre-
vious reaction. The crude product (1.20 g) was recrystallized from
cold ethyl ether, giving 1.12 g (80%) of 11: white needles, mp
161°; ir 1631 cm“ 1, nmr (ccu) s6.4 (S, 2), 4.1 (M, 2), 1.32 (d, s),
1.2 (s, 12); mass spectrum m/e (rel intensity) 278 (20), 180 (100).

Anal. Calcd for CieHzeNzOa: C, 69.03; H, 9.41; N, 10.06.
Found: C, 68.97; H, 9.52; N, 10.13.

p-Biphenylacetic Acid (15). p-Biphenylmagnesium bromide
was prepared from magnesium (0.6 g) and p-bromobiphenyl (5.12
g, 0.022 mol) in THF (50 ml). To the biphenylmagnesium bro-
mide solution was added HMPA (s ml). The resultant solution
was added slowly to a solution of 2 (3.5 g, 0.02 mol) in ethyl ether
(200 ml). The mixture was refluxed for 18 hr and the product, a
thick yellow liquid, was isolated as in the previous experiment.
The nmr spectrum of the crude material showed a mixture of
starting material 2, the desired oxazine adduct 14, and traces of
HMPA. The crude product was then added to a hydrobromic acid
solution (0.08 mol of HBr in 30 ml of H20 saturated with NaBr);
this refluxed for 18 hr. The acidic mixture Was extracted with
chloroform and the organic layer was washed with brine. Benzene
(10 ml) was added to the chloroform solution and the solution was
evaporated to give a tan solid (2 g, 47%), which was recrystallized
from ethyl ether to give pure p-biphenylacetic acid 15 (1.7 g,
41%), white needles, mp 165° (lit.20mp 164°).

Reaction of 2 with tert-Butyllithium. To 40 ml of THF at
-78° under nitrogen was added ieri-butyllithium (0.011 mol in
pentane) followed by > (1.76 g, 0.01 mol) in 10 ml of THF. The
mixture was stirred for 30 min and methyl iodide (1.41 g, 0.01
mol) was then added via syringe. The mixture was allowed to stir
for 2 hr, poured into cold 1N hydrochloric acid (~25 ml), and ex-
tracted with pentane, and the pentane extracts were discarded.
The aqueous acid solution was neutralized with sodium bicarbon-
ate, extracted with ether, and concentrated to yield a yellow lig-
uid (1.4 g), which was analyzed by vpc on column B (100-250°).
The material recovered was found to be a mixture with the fol-
lowing composition: 18 (24%), 19 (38%), 11 (24%), and recovered 2
(3%). Products were identified by comparison of their physical
properties to those of authentic samples. Oxazine 19, which had
not been previously prepared, was isolated by preparative layer
chromatography using ether-pentane (3:1) as the eluent, rt 0.75.
Another sample was collected from the vpc instrument, column
C, 135°% ir (film) 1665 cm'1; nmr (CCU 6 41 (m, 1), 2.0 (S, 2),
15 (m,2), 1.3(d, 3), 1.1(s,6), 1.0(s, 9).

Anal. Calcd for C12H23NO: C, 73.04; H, 11.75; N, 7.10. Found:
C, 72.84; H, 11.66; N, 7.24.

Lithium Bis(trimethylsilyl)amide (LiBSA). The procedure of
Amonoo-Neizer:2 was followed. n-Butyllithium (0.3 mol) in hex-
ane (2.56 m) was added slowly to a stirred solution of freshly dis-
tilled hexamethyldisilazane (51.5 g, 0.32 mol) in ether (100 ml).
The mixture was heated to reflux, the solvents were evaporated,
and the residue was dried under vacuum. The residue was then

Malone and Meyers

dissolved in THF to obtain a2 M solution and used in the subse-
quent reactions.

2-(I-Chloroethyl)-4,4,6-trimethyl-5,6-dihydro-1,3-oxazine
(18). A 50-ml portion of a 2 m solution of LiBSA, prepared as
above and cooled to -78° in Dry Ice-acetone under nitrogen, was
treated with s.s g (0.05 mol) of 2 in 10 ml of THF. Mel (8.46 g,
0.06 mol) in 10 ml of THF was slowly added via syringe. The re-
sultant solution was allowed to slowly warm to 0° (3-3.5 hr) and
poured into cold ¢ N hydrochloric acid solution (40 ml). The acid
solution was extracted with petroleum ether and the extracts
were discarded. The acid solution was then neutralized using so-
dium bicarbonate and extracted with ether. The ether extracts
were evaporated and the residue was distilled, furnishing 8.14 g
(85%) of 18: bp 44° (1.3 mm); ir (film) 1665 cm-1; nmr (CCl4) s
43 (g, 1), 42 (m, 1), 1.7 (d oft, 2), 1.6 (d, 3), 1.3 (d, 3), 1.1 (s, s).
Vpc analysis on column C (135°) indicated that the material con-
tained less than 1% of 2 .

Anal. Calcd for CeHisNOC1: C, 56.99; H, 8.50; N, 7.33. Found:
C, 57.04; H, 8.43; N, 7.08.

2-(1-Chloropropyl)-4,4,6-trimethyl-5,6-dihydro-1,3-oxazine
(16) was prepared in the same manner as 18, using ethyl iodide.
Oxazine 16 was obtained in 92% vyield (distilled), bp 45° (0.4
mm); vpc analysis on column B (135°) indicated the absence of 2
and less than 1% dialkvlated material (17); ir (film) 1665 cm-1;
nmr (CC14) 5 42 (m, 1), 40 (t, 1), 1.9 (m, 2), 1.7 (m, 2), 1.3 (d,
3), L1 (s, s), 0.9 (t, 3); mass spectrum m/e (rel intensity) 205 (s ),
203 (16), 168 (48), 84 (100).

2-(1-Chloro-2-phenylethyl)-4,4,6-trimethyl-5,6-dihydro-1,3-
oxazine (20). Using the above procedure, 2 was treated with ben-
zyl bromide or benzyl chloride and the reaction was quenched at
-30°. A 72 and ss % Yyield, respectively, of 20 was obtained: bp 98°
(0.15 mm); solidified mp 65-66.5° (pentane); ir (film) 3080-3020,
1665, 1605 cm 'L, nmr (CC14) d 7.2 (s, 5), 43 (t, 1), 41 (m, 1), 3.2
(dofd, 2), 15(doft 2), 1L.3(dofd, 3 = 1Hz 3), 11 (d, 3 =1
Hz, 3), 0.9 (s, 3).

Anal. Calcd for C15H20NOCI: C, 67.80; H, 7.60; N, 5.26. Found:
C, 67.54; H, 7.77; N, 5.32.

2-Chloro-3-phenylpropanal (21). The oxazine 20 was reduced
with sodium borohydride according to the general procedure pre-
viously described.s The excess sodium borohydride was destroyed
at —45° with 3 N hydrochloric acid solution to avoid halogen re-
moval. The crude isolated aldehyde, after oxalic acid hydrolysis,
gave a single peak on vpc analysis (column B, 155°). Distillation
afforded pure material: bp 112° (13 mm); resd 1.5358 (lit.21 Nisd
1.5375); ir (film) 1735 cm'1; nmr (CCU) 6 9.63 (J = 2 Hz, d, 1);
semicarbazone mp 199°.

2-(I-Chloro-4-phenylbutyl)-4,4,6-trimethyl-5,6-dihydro-I,3-
oxazine (22). Using the above procedure, 2 was treated with 1-
iodo-3-phenylpropane and the reaction was quenched at 0°. Oxa-
zine 22 was obtained in 83% yield: bp 115° (0.05 mm); ir 3080-
3020, 1665, 1605 cm' 1; nmr (CCl14) 57.2 (s, 5), 42 (m, t, 2), 2.6 (t,
2), 1.4-2.2 (m, 4), 1.3 (d, 3), 1.2 (s, s); mass spectrum m je (rel in-
tensity) 293 (5), 295 (16), 258 (27), 175 (100), 141 (27).

2-Chloro-5-phenylpentanal (23). Oxazine 22 was reduced with
sodium borohydride and the aldehyde 23 was releaseds after oxal-
ic acid hydrolysis. Distillation furnished pure a-chloro aldehyde:
bp 77° (0.075 mm); ir (film) 1730 cm 'L, nmr (CCl4) &9.4 (d, J =
2 Hz 1), 7.2 (m, 5), 41 (m, 1), 2.7 (t, 2), 1.4-2.2 (m, 4); semicar-
bazone mp 204°.

Anal. Calcd for C1IHI3CIO: C, 67.11; H, 6.65. Found: C, 67.39;
H, 6.73.

2-Chloro-3-phenylpropionic Acid (24). To 25 ml of ether,
under nitrogen, was added dimethyl sulfate (2.52 g, 0.02 mol) and
20 (2.66 g, 0.01 mol). The solution was stirred overnight, during
which time an oil separated from solution. The ether was evapo-
rated, cold water was added, and the resulting acidic solution was
made basic (pH ~10 for 5 min). The mixture’ was again made
acidic by addition of 9 N hydrochloric acid (pH ~ 1) and the so-
lution was heated to reflux overnight. The mixture was extracted
with chloroform, and the chloroform extracts were dried (sodium
sulfate) and evaporated. The residue was distilled, giving 1.52 g
(82%) of 24: bp 170° (2 mm) [lit22 bp 170-174° (25 mm)]; ir 3500-
2400, 1745, 1605 cm '1; nmr (CDCI3) 511.9 (b, 1), 7.15 (s, 5), 4.4
(t, 1), 3.3 (d oft, 2).

2-(2-Chloro-l-hydroxy-2,2-diphenylethyl)-4,4,6-trimethyl-
5,6-dihydro-1,3-oxazine (30). Using the above procedure, 2 was
treated with benzophenone and the reaction was quenched at o °.
Oxazine 30 was obtained in 63% yield: mp 130° (hexane); ir
(KBr) 3110, 1665 cm 'L, nmr (CCl4) s 7.0-7.8 (m, 10), 6.5 (S, 1,
exchangeable with D20), 5.0 (s, 1), 4.0 (m, 1), 0.6-1.7 (m, 1);
mass spectrum m 7e (rel intensity) 322,182, 140,105 (100).
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Anal. Calcd for C23H24NO:CI: C, 70.48; H, 6.76; N, 3.91.
Found: C, 70.62; H, 6.84; N, 3.71.
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The 2 -chloromethyloxazine | has been found to yield phosphonium salts > and phosphonates 3 which serve as
“Wittig-type” reagents upon reaction with carbonyl compounds. The resulting a,d-unsaturated oxazines 5, in
turn, have been shown to serve as a common precursor to unsaturated aldehydes, ketones, and acids by (a) so-
dium borohydride reduction of 5 or their N-methyl quaternary salts 24, (b) addition of organolithium reagents
to the N-methyl quaternary salts 24, and (c) hydrolysis of 24 in aqueous medium.

The availability of the 2-chloromethyloxazine 1 and its
successful use of an electrophilel has prompted an investi-
gation into its potential role as a precursor to oxazine
“Wittig-type” reagents. Reaction of 1 with triphenylphos-
phine provided a 75% yield of the phosphonium salt 2 as a
1:5.7 mixture of tautomers A and B. The infrared spec-

Ao
> LA CHI]—'OR,

3a, R=Me
b, R=Et

<RO),P

trum of 2 (chloroform) showed only weak absorption at
1660-1670 cm-1 for the C=N link in A and strong absorp-
tion at 1603 cm-1, whereas the ultraviolet spectrum (eth-
anol) exhibited bands at 273, 267, and 263 nm resulting
from extended delocalization in B. The nmr spectrum of 2
showed a doublet at S 4.22 J = 15 Hz, 0.85 H) and a
broad signal at 8 10.2 (0.85 H) attributable to the vinyl
and NH protons, respectively, in the B tautomer. A small,
broad signal at 8 2.48 was present due to the a-methylene
protons in tautomer A. The highly delocalized structure in
B was further confirmed by a single-crystal X-ray analy-
sis.3 The chloromethyloxazine also underwent a smooth
Michaelis-Arbuzov reaction with trialkyl phosphites, fur-
nishing the oxazine phosphonates 3a (40%) and 3b (80%).
Both 2 and 3b were allowed to react with a variety of car-
bonyl compounds in order to assess their ability to form
olefinic derivatives.

When a suspension of 2 in THF was treated with potas-
sium tert-butoxide, a yellow solution of the phosphorane 4
formed immediately. The phosphorane reacted rapidly
and exothermally with aldehydes, giving good yields of the
trans-vinyl oxazines 5 (R2 = H). Reactions with ketones
were more sluggish, requiring overnight heating and re-
sulting, where possible, in mixtures of geometric isomers
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Table |
Coupling of Oxazines 2 and 3b with Carbonyl Compounds
4 11 [ 7 u—— ,
r Rj Vinyl oxazine 5 From 2 From 3b Bp, °C (mm) X (EtOH), nm (« v, cm-1 (film)
Ph H 94 80 110 (0.4) 274 1613 (s)
DHCr (27,000) 1644 (s)
_ ;
Ph Me 70 576 122 (1.5) 275 1611 (m)
(22,000) 1645 (s)
Me
N 7Ph .
Ph Ph 52 77 80 275 1603 (s)
dho- N \lgh (20,000) 1636 (s)
Me Me 50 73 55 (1.5) 222 1612 (s)
DHONY (14,000) 1645 (s)
Me 1655 (s)
Et H 80 75 56 (1.0) 919 1626 (s)
~ NEt (19,600) 1653 (m)
bHO 1663 (3)
re-Hex H 82 72 110 (1.3) 213 1620 (s)
(16,000) 1647 (m)
bHO 1664 (s)
-(CH24 48 77 80 (0.5) 1608 (s)
1634 (s)
1658 (s)
2-CsHN H 72 65 128 (0.5) 1599 (m)
1613 (s)
1653 (s)

“50:50 cis-trans mixture.b24:76 cis-trans mixture. 0 Melting point.

(Table 1). Furthermore, simple alkaline hydrolysis of the
phosphorane 4 readily gave the 2-methyldihydroxazine
7a.4 When the hydrolysis was performed in D20-NaOD, a
70% yield of the 2-trideuteriomethyloxazine 7b was isolat-
ed. This method, in which the deuterated oxazine can be
obtained in quantity, should provide a route to tetradeu-
terioacetaldehyde4 and other a-deuterioacetaldehyde deriv-
atives. Treatment of the oxazine phosphonate 3b with so-
dium hydride in dimethoxyethane cleanly produced the
anion 6. Its reaction with carbonyl compounds was found
to be more efficient and occurred smoothly at room tem-
perature, (Table 1). The reaction of 6 with acetophenone
gave a 24:76 mixture of 5. The isomer containing the phe-

KOf-Bu H
~wz> DHO-C=PPh3  DHO-CHP(OEt)2 3b
0
DHO-R
7a,R = CH3
b,R = CD,

nyl group trans to the oxazine ring was the predominant
product. The isomer ratio from acetophenone and 4 was
approximately 50:50. On heating to 180° for 45 min, the
mixture was brought to thermal equilibrium, furnishing a
15:85 cis-trans mixture. Thus, the oxazine phosphonate
anion 6, at room temperature, couples with ketones to
give nearly thermodynamic products.

It was desired to extend the preparation of vinyl oxa-
zines to the «-methyl derivative 8. As stated previously,!
the value of the oxazines in synthesis depends greatly on
the degree to which the 2 substituent can be varied. Intro-
duction of the a-methyl group (i.e., 8) would lead to a-
methyl aldehydes, ketones, or acids. The preparation of 8,
as a suitable example to accomplish these goals, was suc-
cessfully achieved via two routes. Conversion of the 2-(a-
chloroethyl)oxazine 91 to its phosphonium salt 10 took
place upon heating with triphenylphosphine in xylene.

The yield of 10 was 45% and examination of its spectral
properties revealed that it represented a highly delocal-
ized ion similar to the phosphonium salt 2. Addition of
potassium tert-butdxide followed by addition of benzalde-
hyde provided the trisubstituted olefin 8 in 78% yield. At-
tempts to increase the efficiency of this sequence by start-
ing with the phosphonium salt 2 and generating 10 in situ
led to mixtures containing 2 (35%) and 10 (65%) and ulti-
mately to di- and trisubstituted oxazine olefins 5 (R2 =
H; Ri = Ph) and 8, respectively. Employing the oxazine
phosphonate 3b, the a-methyl derivative 11 was obtained
by treating the anion of 3b with 1 equiv of methyl iodide.
Distillation gave the monomethyloxazine phosphonate in
89% vyield and 5-8% of the dimethyloxazine phosphonate
12. Alternatively, 12 could be prepared in 93% yield by
treating 3b with excess sodium hydride and methyl io-
dide. It may be concluded that the oxazine phosphonium
salts 2 and 10 and phosphonates 3 and 11 are indeed use-
ful precursors to di- and trisubstituted olefins containing
the oxazine moiety.

DHO  Cl pp3 DHO.

(45%)
Me Me

10 2 PhCHO
(78%)

PPh,

Cl
1 i-BuO

DHO.

(75%) Me
1NaH 8
2. PhCHO

PfOEt"

Me
(93%)
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It now remained for the vinyl oxazines to demonstrate
their prowess toward the preparation of carbonyl com-
pounds. When the vinyl oxazines 5 (R = Ph, 2-pyridyl, Ri
= H) were subjected to the standard borohydride reduc-
tion,4 the tetrahydro-1,3-oxazine 13 was produced and,
without purification, hydrolyzed with aqueous oxalic acid
to the «/3-unsaturated aldehydes 14 and 15. This ap-
proach to 2-pyridylacrolein overcomes the previously re-
ported difficulty4 which failed to produce this compound.
In a similar fashion, the oxazine 8 led to «-methylcinna-
maldehyde 16 in 65% yield. On the other hand, the oxa-
zine 5 (R = Hex), after reduction and hydrolysis, led to a
1:1 mixture of 2-nonenal (17) and nonanal (18). Ex-

5 (R™"Hex; R"H)
-Hex 4

17

amination of the nmr spectrum of the reduction product
prior to hydrolysis revealed that a mixture of the expected
product 19 and the overreduced product 21 was present.
The latter is presumably formed by hydride attack on 19
(or the open-chain conjugated imine) in the weakly acidic
medium (pH 5-8, -45°) affording the unsaturated amino
alcohol 20 which rearranges to the enamine 21a, capable
of existing in tautomeric equilibrium with 21b and 21c.

Any one of these tautomers would, on hydrolysis, lead to
nonanal 18. The possibility of sequential 1,4- and 1,2-hy-
dride addition to 5 is also likely. However, the oxazine 5
(Rx = R2 = Me), when treated with sodium borohydride
in weakly acidic medium (pH 5-7), gave 22 in 94% vyield.
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This result would tend to substantiate the postulated
route to nonanal (19 —* 18) described above. The unsatu-
rated amino alcohol 22 was found to be stable to acid so-
lution even when heated in 3 A oxalic acid. Only a trace
(~5%) of the desired aldehyde precursor 23 was detected

(nmr). It should also be noted that 5 (R = Hex) could be
guantitatively transformed into 21 and ultimately to no-
nanal by performing the borohydride reduction at pH 3-5.
The increased acidity in this experiment results in an en-
hancement of the reduction of 19 to 20. It appears, there-
fore, that the conversion of vinyl oxazines 5 to a,/3-unsatu-
rated aldehydes by the standard reduction-hydrolysis
technique is limited to aryl substituents on the olefin 5 (R
= Ph, pyridyl, etc.). It was subsequently found that over-
reduction of aryl-substituted tetrahydro-l,3-oxazines 13
also occurred, albeit to a small degree (1-5%). Fortunate-
ly, rearrangement of these side products (i.e., 20, Hex =
aryl) to the enamine (21, Hex = aryl) does not take
place, as also noted for 22, and saturated aldehydes do not
contaminate the unsaturated derivatives.

In order to circumvent these undesirable side reactions,
it would be necessary to by-pass both the labile tetrahy-
dro-1,3-oxazine intermediates, 19 and 21, and the acidic
medium necessary for borohydride reduction. It is of in-
terest to note again that the dihydrooxazines 5 and 8, and
the 2-alkyl derivatives reported earlier,4 are virtually inert
to sodium borohydride in neutral or strongly alkaline (pH
>10) media.

It was found that the iV-methyl quaternary salts of the
vinyl oxazines 24, readily formed in high yield using either
methyl iodide or trimethyloxonium fluoroborate, not only
provided the solution to the above problem, but also
served as a source of «/3-unsatrated ketones and acids.
Both the iodide 24a and the fluoroborate 24b salts were
reduced with sodium borohydride in methanol at —35 to
-40° to the corresponding tetrahydro-l,3-oxazines in good
yield. Acidic cleavage (oxalic acid) produced the a,E-un-
saturated aldehydes 14 and 26 in 78 and 65% yields, re-

R,
14, R1= Ph;R2=H
26, R*"R™ "M e

spectively. Thus, 26, which could not be prepared by re-
duction of the oxazine 5, was readily formed via its N-
methyl quaternary salt. That the reduction temperature
(below -35°) was indeed critical was shown by the fact
that the amino alcohol 27 was formed (~40%) when re-

BH, A oH Me

24a or b
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duction was performed at —20°, At 0°, the reduction of 24
gave 27 in 90% vyield. Since reduction of the N-methyl
salts gave 25 at low temperature and 25 cannot engage in
ring-chain tautomerism as in the case of 21, the route by
which 27 is formed must involve direct hydride attack on
the 2 position of the tetrahydro-1,3-oxazine.

As already stated, the synthetic utility of the iV-methyl
quaternary salts 24 was not limited to a,/3-unsaturated al-
dehydes. Reaction of 24 with various organolithium re-
agents led to the adducts 28 which generated the a,13un-
saturated ketones 29 after hydrolysis in oxalic acid. The

RgLi
1,2 addn
*2
i-BuLi 14 addn
28
"N Ph
I
Me
30
a Me H Ph
b Et Me Me
¢ fBuH Ph
d Et —HCH,)—

overall conversion, based upon the vinyl oxazines 5, was
in the range of 50-80% except for the ketone 29c derived
from terf-butyllithium addition. The bulky nature of this
reagent resulted in addition to 24 in both a 1,2 and 1,4
fashion (28 and 30, respectively). The tert-butyl ketone
was isolated after hydrolysis of 28 in 20% yield. The 1,4-
addition product 30, also present during the acidic hydrol-
ysis, led only to the amino ester 31 and did not interfere
with the isolation of the ferf-butyl ketone. Similar behav-
ior of ketene N, O-acetals related to 30 has been previously
observed5 and their ester derivatives (31) serve as precur-
sors to carboxylic acids and esters by hydrolysis or tran-
sesterification. Phenylmagnesium bromide gave almost
exclusive 1,4 addition to 24 (Ri = H; R2 = Ph), providing,
after hydrolysis, an 80% yield of /3,/3-diphenylpropionic
acid (32) and only a trace of chalcone 33. It then became

)

Ph 33
32

quite evident that the N-methyl quaternary salts also pro-
vide viable routes to carboxylic acids, simply by treat-
ment with aqueous sodium hydroxide. Thus, 24, on addi-
tion to dilute alkali, was found to immediately and quan-
titatively open to the amino ester 34. These intermediates
could be isolated and characterized and subsequently
cleaved to the «/3-unsaturated acid, usually in alcoholic
aqueous base. In a related study,6 amino esters of the type
34 were shown to be readily transformed into their methyl
esters by heating in methanol containing a catalytic
amount of p-toluenesulfonic acid.

Malone and Meyers

35a—C
R k2
a Me Me
b Ph H

c -

As previously mentioned, the alkylation of 3b with ex-
cess methyl iodide gave a high yield of the dimethyloxaz-
ine phosphonate 12. Reduction with sodium borohydride
(—40°, pH 5), after oxalic acid hydrolysis, produced the
phosphonate aldehyde 36 in 62% overall yield. Thus, an
entry into phosphorous-substituted aldehydes should also
be feasible.

Me. -Me
DHCKA”P(OEt)2 DH(TT(OEt)2
|
(0] (0]
Me. .Me
3a 12

OHC/ / T(OEt)2

I
O

36

In summary, the oxazine phosphoranes and phospho-
nates serve as ready precursors to a variety of 2-vinyl oxaz-
ines and the latter, via their N-methyl quaternary salts
(24), provide a common intermediate for preparing a,i3

unsaturated aldehydes, ketones, and carboxylic acids
(Scheme I).
Scheme |
hoZxt
R2

Experimental Section

Melting points and boiling points are uncorrected. Elemental
analyses were performed by Galbraith Laboratories, Inc., Knox-
ville, Tenn.; Midwest Microlabs, Inc., Indianapolis, Ind.; and At-
lantic Microlabs, Inc., Atlanta, Ga. Infrared spectra were deter-
mined on a Perkin-Elmer 257 grating spectrophotometer. The
nmr spectra were measured with Varian A-60A and T-60 instru-
ments using carbon tetrachloride or deuteriochloroform as solvent
containing tetramethysilane (~1%) as the internal standard.
Mass spectra were obtained on an Atlas CH-4 spectrometer at 70
eVv.

Oxazine Phosphonium Chloride 2. A solution of 2-chlorometh-
yloxazinel 1 (44.1 g, 0.25 mol) and triphenylphosphine (91 g, 0.35
mol) in benzene (500 ml) was heated with stirring at reflux for 32
hr. The mixture was cooled, and the salt was filtered, washed
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Elemental AnaIyTs?sb}%rI k/inyl Oxazines 5

e Calcd, % —-
R. Rs c H
Ph H 78.56 8.35
Ph Me 78,97 8.70
Ph Ph 82.59 7.59
Me Me 72.88 10.56
Ed H 72.88 10.56
n-Hex H 75.90 11.46
-(CH )r 75.32 10.21
2-Cs5H 4N H 73.01 7.88

three times with dry ether, and dried under vacuum. The reac-
tion gave 77 g (70%) of 2. The product could be recrystallized
from acetonitrile-ether: mp 224°; uv (EtOH) 273, 267, 263 nm; ir
(KBr) 1603 cm 1; nmr (CDC13) 5 7.45 (m, 15), 4.22 (d, 0.85, 3 =
15 Hz, exchanges with D20), 10.2 (b, 0.85, exchanges with D20),
142 (d, 6), 0.81 (d, 3).

Anal. Calcd for C5H2NPCL: C, 70.50; H, 6.86; N, 3.29. Found:
C, 70.63; H, 6.76; N, 3.24.

Vinyl Oxazines 5 from Oxazine Phosphonium Salt 2. The
yhes' PAAANT, cblwide 2 (8.76 g, 0.02 mol) was suspended in THF
(35 ml) and to this suspension was added freshly sublimed potas-
sium tert-butoxide (2.24 g, 0.02 mol). A yellow solution of the
phosphorane 4 formed immediately. The solution showed uv ab-
sorption at 342 nm and was used in the subsequent reactions.

Aldehydes were added dropwise to the solutions prepared above
and the mixture was allowed to stir for 4 hr (ketones were re-
fluxed for 18 hr). The mixture was poured into water, made acidic
(pH ~3), and extracted with benzene and the benzene extracts
were discarded. The aqueous acid solution was neutralized with
sodium bicarbonate and extracted with ether. The etheT solution
was concentrated and the residue was applied to a neutral alumi-
na column (Woelm, activity 1) and eluted with ether-pentane
(1:1). Yields and pertinent data are listed in Table I. Elemental
analyses are given in Table I1.

2-YTideuteriomeYhy\-4,4,f>-tTVmefhy\-5,?>-dihyd TO-1,3-oxazine
(7b). Phosphonium salt 2 (8.75 g, 0.02 mol) was added to D20 (20
ml) and the suspension was allowed to stir for 30 min. Ten millil-
iters of 20% NaOD in D20 was added and the mixture was al-
lowed to stir for 15 min. The product was extracted with ether-
pentane (1:3) and dried over potassium carbonate. The extracts
were evaporated and the residue was distilled to give 2.2 g (70%)
of 7b: bp 47° (17 mm); ir 2220, 1660 cm-1; m/e 144. The methyl
singlet at b 1.77 was barely visible.4

2-(Diethylphosphonometbyl)'4,4,6-trimethyl-5,6-dihydro-1,3-
oxazine (3b). The chloromethyloxazine 1 (44.1 g, 0.25 mol) was
added to triethyl phosphite (100 g) and the solution was refluxed
vigorously for 24 hr. The solution was then distilled under vacu-
um (0.1 mm) and the oxazine phosphonate 3b, bp 109° (0.075
mm) , was collected. The reaction gave 55 g (80%) of a pale yellow
liquid: ir Ibbu, 1260,1050, 000 cm-1; nmr (CCW) h 3.8-4.4 (m, 5),
26(d, 2,3 = 21 Hz), 1.8 (d oft, 2), 1.3(t, 6), 1.2 (d, 3), L.1 (s, 6).

Anal. Calcd for Ci2H2ANCHAP. C, 51.99; H, 8.73; N, 5.06. Found:
C, 52.01; H, 8.70; N, 5.12.

2-(Dimethylphosphonomethyl)-4,4,6-trimethyl-5,6-dihydro-
1,3-oxazine (3a) was prepared as described above using trimethyl
phosphite. The reaction gave 3a in 45% yield: bp 102° (1 mm);
mp 56-57° [petroleum ether (bp 30-60°)]; ir 1660, 1260 cm-1; nmr
(CCls) b 42 (m, 1), 38 (d, 6,3 = 12 Hz), 26 (d, 2,3 = 22 Hz),
1.7 (d oft, 2), 1.4 (d, 3), 1.2 (s, 6).

Anal. Calcd for CioHzoNChP: C, 48.20; H, 8.10; N, 5.62. Found:
C, 47.98; H, 8.22; N, 5.48.

Vinyl Oxazines 5 from Oxazine Phosphonate 3b. Oxazine
phosphonate 3b (5.54 g, 0.02 mol) was added to a stirred suspen-
sion of sodium hydride (1.0 g of a 56% dispersion, 0.022 mol) in 30
ml oi 1,2-dimethoxyethane (I1ME). The evolution oi hydrogen at
25° was complete after 2.5 hr and the resulting yellow solution
was treated with 0.22 mol of aldehyde or ketone. Stirring was
continued for 4 hr at room temperature, the mixture was poured
into ice-water, acidified (1 IVHC1), and extracted with petroleum
ether, and the extracts were discarded. The aqueous solution was
made basic (pH ~9) and the vinyl oxazine 5 was recovered by
ether extraction, concentration, and distillation (cf. Table I).

Phosphonium Salt 10. A solution of 19.0 g (0.1 mol) of 91 and
35 g (0.13 mol) of triphenylphosphine in 150 ml of xylene was
heated to reflux for 48 hi. Isolation of 10 was accomplished as

Pound, % -—-- -

N c H N
6.11 78.46 8.62 6.03
5.76 78.68 8.65 5.86
4.59 82.54 7.62 4.71
7.73 72.99 10.76 7.65
7.73 72.74 10.54 7.83
5.90 75.63 11.50 5.86
6.76 75.48 10.06 6.80

12.16 72.85 7.61 11.92

previously described for 2. The salt 10, mp 241° (acetonitrile-
ether), was formed in 45% yield (18.0 g): ir (KBr) 1600 cm-1; nmr
(CDCls) 3 9.0 (b, exchangeable with D20), 5.2 (b, exchangeable
with D20), 7.4-8.2 (m, 15).

Anai. Calcd for C2,Hs::NOPC1: C, 71.74; H, 6.91; N, 3.10.
Found: C, 71.80; H, 6.99; N, 3.27.

Phosphonate 11. The sodium salt of 3b prepared as above was
treated with 1 equiv of methyl iodide and the mixture was stirred
overnight. The mixture was poured into water and extracted with
ether. Evaporation and distillation gave M (89%): bp 97° (0.1
mm); ir (film) 1660, 1260 cm-1; nmr (CCls) b 4.1 (m, 5), 2.5 (m,
1,J = 23Hz), 1.1-1.8 (m, 20).

Anal. Calecd for CisHz26NO.sP: C, 53.60; H, 9.00. Found: C,
53.92; H, 9.22.

2- (V-Phenylpiopen-2-yV)-4,4,6-trimethyl-5,6-dihydTO-I,3-oxa-

zine (s ) was prepared from phosphonium salt 2 in 78% yield and
from phosphonate 3b in 75% yield according to the procedures al-
ready outlined using these reagents: bp 80° (0.05 mm); uv
(EtOH) 261 nm (t 20,000); ir (film) 1620, 1635 cm -1; nmr (CC14)
573 (s,6), 41 (M, 1), 2.0 (d, 3,3 = 1.5 Hz), 1.7 (d oft, 2), 1.4 (d,
3), L.I(s, 6).

Anal. Calcd for CisH2iNO: C, 78.97; H, 8.70; N, 5.76. Found:
C, 79.00; H, 8.55; N, 5.73.

Oxazine Phosphonate 12. The sodium salt of 3b was prepared
in the manner described for tbe preparation of 11 except that 2.5
equiv of sodium hydride was employed. Addition of 2.5 equiv of
methyl iodide followed and the solution was stirred overnight.
The reaction gave 12 in 93% vyield: bp 110° (0.5 mm); ir (film)
1660, 1260 cm-1; nmr (CCI4) 5 4.05 (m, 1), 4.95 (pentet, 4), 1.6 (d
oft, 2), 1.4(d, 3), 1.3(t,s), 1.1(s,6), 1.15(s,5).

Anal. Calcd for CitH~NChP: C, 55.07; H, 9.25; N, 4.59. Found:
C, 54.96; H, 9.33; N, 4.80.

Diethyl 1-Formyl-lI-methylethylphosphonate (36). Reduction
of the oxazine phosphonate 12 using sodium borohydride (-45°,
pH 5-7) as previously described4 followed by heating in oxalic
acid (2 hr) gave an aqueous mixture which was extracted with
ether. Distillation of the ether residue gave 36 in 65% yield: bp
62° (0.4 mm); ir (film) 2720, 1720, 1250 cm 'L, nmr (CCl:) b 9.6
(d, l,e/= 2Hz), 4.1 (pentet, 4), 1.4-1.2 (d, t, 12).

Anal. Calcd for CgHNPCU: C, 46.15; H, 8.24. Found: C, 46.20;
H, 8.00.

Aldehydes from Vinyl Oxazines 5. The following aldehydes
were prepared from the indicated vinyl oxazine 5 by the general
borohydride reduction-oxalic acid hydrolysis procedures de-
scribed previously4 on a 40-mmol scale.

Cinnamaldehyde (14) was prepared in yields of 50-75% from 5
(Ri = Ph; R2 = H). Yields appeared to be dependent upon the
pH of the borohydride reduction step. The pH was varied in sev-
eral runs from 5 to 9. Best results were obtained with ar. apparent
pH of 7. The product formed a semicarbazone, mp 206-207° (lit.7
mp 208°).

3- (2-Pyridyl)acrolein (15) was prepared in 45% yield from 5

(Ri = CsH5N; R2 = H). The product was isolated by neutraliza-
tion of the oxalic acid solution with sodium bicarbonate and ex-
traction of tbe product witb ether. The product 15 had mp 42°
(hexane) (lit.8mp 43°); ir (film) 2760,1670 cm '1.

2-Methyl-3-phenylacrolein (16) was prepared from 8 in 65%
yield. The product formed a semicarbazone, mp 207° (lit.7 mp
207-208°).

A 50:50 Mixture of 2-Nonenal (17) and Nonanal (18) was
prepared from 5 (Ri = R2 = H) in 61% yield. The products were
collected from vpc using 10% SE-31 on Diatoport S at 100° and
identified by the melting points of their respective 2.4-dinitro-
phenylhydrazones. 2-Nonenal7 and nonanal7 gave derivatives
which melted at 126 and 106°, respectively.
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Reduction of 5 (Ri = R2 = Me) to 22. Treatment of 3.62 g
(0.02 mol) of 5 with aqueous sodium borohydride (-45°, pH 5-7)
according to the standard procedure4 gave, after extraction with
ether, 3.43 g (94%) of 22: bp 80° (0.3 mm); ir (film) 3260 cm"1;
nmr (CC14) 6 5.2 (t, 1), 3.9 (m, 1), 3.1 (d, 2), 1.6 (s, 3), 1.7 (s, 3),
0.9-1.5 (d, s, m, 13); NH, OH protons exchangeable with D20
were masked in the latter region of the spectrum.

Anal. Calcd for CnH23NO: C, 71.30; H, 12.51; N, 7.56. Found:
C, 71.01; H, 12.49; N, 7.80.

IV-Methyl Salts 24a and 24b (Ri = H; R2 = Ph). A. Meth-
iodide 24a. Treatment of 5 (Ri = H; R2 = Ph) with excess meth-
yl iodide in a small amount of ether with gentle warming for 18 hr
in the dark resulted in a 96% vyield of 24a. The product was
washed with ether for use in subsequent reactions. Recrystalliza-
tion from acetonitrile-ether resulted in yellow needles, mp 223-
224°,ir 1590,1635cm -1.

Anal. Calcd for Ci6H22NOI: C, 51.76; H, 5.97; N, 3.77. Found:
C, 52.06; H, 6.12; N, 3.85.

B. Methyl Fluoroborate 24b. Treatment of 5 (Ri = H; R2 =
Ph) with 1.5 equiv of trimethyloxonium fluoroborate in methylene
chloride cooled to 0° for 30 min resulted in a 93% yield of the salt,
which was isolated by filtering the methylene chloride solution,
removal of the solvent, and recrystallizing from acetonitrile-ether
to give colorless plates, mp 164°, ir 1590,1634 cm '1.

Anal. Calcd for CI6H22NOBF4: C, 58.03; H, 6.70; N, 4.23.
Found: C, 57.99; H, 6.52; N, 4.53.

N-Methyl Salt 24a (Ri = R2 = Me). The salt was prepared as
above using excess methyl iodide and crystallized in quantitative
yield. The salt was recrystallized from acetonitrile-ether to give
colorless needles, mp 202°, ir 1574,1625 cm-1.

Anal. Calcd for C12H22NOI: C, 44.59; H, 6.87; N, 4.33. Found:
C, 44.65; H, 6.90; N, 4.37.

Reduction of N-Methyl Salt 24a (Ri = R2 = Me) with Sodi-
um Borohydride at 0°. The methiodide salt 24a (6.46 g, 0.02 mol)
was dissolved in absolute methanol (20 ml) and the solution was
cooled to -30°, and to this solution was added, dropwise, sodium
borohydride (0.02 mol) dissolved in a minimum amount of water.
The solution was allowed to warm to 0° during a 1-hr period, 50
ml of cold water was added, the product was. extracted with
ether, and the ether extracts were washed with brine and dried
(Na2s04). Evaporation and distillation of the residue gave 5.41
g (90%) of 27: bp 50° (0.05 mm); ir 3220 cm-1; nmr (CC14) S5.9
(br s, 1, exchangeable with D20), 5.2 (t, 1), 4.0 (m, 1), 3.1 (m, 2),
22(s, 3), 1.7 (s, 3), 1.8 (s, 3).

Anal. Calcd for Ci2H25NO: C, 72.31; H, 12.64; N, 7.03. Found:
C, 72.28; H, 12.63; N, 6.79.

Reduction of iV-Methyl Quaternary Salts 24a and 24b. Prep-
aration of Aldehydes 14 and 26. The following /V-methyl tet-
rahydrooxazines 25 were prepared by reduction of the corre-
sponding N-methyl salts using sodium borohydride in methanol.
The methanol solution was cooled (—45 to —35°) and this temper-
ature was maintained throughout the reaction (30 min). Excess
borohydride was destroyed at -45° by the addition of dilute hy-
drochloric acid. The solution was then made basic and the prod-
uct was isolated by ether extraction. Drying and concentration of
the extracts followed by distillation furnished the products.

The tetrahydrooxazine 25 (Ri = H; R2 = Ph) was prepared
from 24a (98%, 85% distilled) and from 24b (93%): bp 95° (0.05
mm); ir 3100-3480, 1628, 1600 cm -1; nmr (CC14) S7.0-7.6 (m, 5),
58 (dofd, 1), 6.7 (d, 1), 48 (d, 1), 3.8 (m, 1), 2.2 (s, 3), 0.8-1.8
(m, 11),

Anal. Calcd for C16H23NO: C, 78.32; H, 9.45; N, 5.71. Found:
C, 78.26; H, 9.33; N, 5.46.

The product was hydrolyzed to cinnamaldehyde using aqueous
oxalic acid (reflux 2 hr) in 78%yield.

The tetrahydrooxazine 25 (Ri = R2 = Me) was prepared from
24a (95%). The crude product 25 was hydrolyzed to 3-methyl-2-
butenal (26) by oxalic acid in 65% yield. The aldehyde 26 formed
a semicarbazone, mp 222° (methanol) (lit.7 mp 221-222°).

Preparation of Ketones 29 from A-Methyl Salts of Vinyl Ox-
azines 24. To a suspension of the JV-methyl iodide or fluoroborate
(0.02 mol) in 20 mol of THF cooled to 0° was added a solution of
the organometallic reagent (Grignard reagent or organolithium
reagent, 0.022 mol) by drops; 2 hr was allowed for complete reac-
tion. The solution was poured onto ice and then extracted with
ether. The ether extracts were dried (K2C03) and evaporated to
give the intermediate 28 which was directly subjected to oxalic
acid cleavage as described previously.

Malone and Meyers

The following ketones were prepared by this general procedure
from the indicated starting materials.

4- Phenyl-2-buten-2-one (29a) was prepared from methyllith-

ium and 24a (Ri = H; R2 = Ph) as described above in 82% yield.
The product formed a semicarbazone, mp 176° (lit.7mp 177.5°).

4,4-Dimethyl-I-phenyl-l-penten-3-one (29c) was prepared
from tert-butyllithium (solution in pentane) and 24a (Ri = H;
R2= Ph) in 20%yield. The product had mp 43° (lit.7mp 43°).

5- Methyl-4-hexen-3-one (29b) was prepared from ethyllithium

and 24a (Ri = R2 = Me) in 55% yield. The product formed a
semicarbazone, mp 160° (ethanol-water) (lit.7 mp 162°).

4-Cyclopentylidine-3-butanone (29d) was prepared from 5 [Ri
= R2 = -(CH2H by preparing, in situ, the N-methiodide salt
24a, removing the excess methyl iodide in vacuo, and addition of
a solution of ethyllithium in THF. The crude adduct 25 was hy-
drolyzed without further purification to the ketone 29d (55%), bp
96° (20 mm), semicarbazone mp 171° (lit.9mp 170-171°).

Preparation of Carboxylic Acids 35 from IV-Methyl Salts of
Vinyl Oxazines 24a. The methiodide salts 24a were dissolved in
cold water and the solution was rendered alkaline (pH —10).
After stirring for 10 min, the solutions were heated to reflux (3-4
hr) and reacidified. Extraction of the aqueous solution with ether
afforded the carboxylic acids 35. In this fashion d-d-dimethyl-
acrylic acid (35a, 68%, mp 70°), cinnamic acid (35b, 92%, mp 131°),
and cyclopentylideneacetic acid (35c, 87%, mp 64°) were ob-
tained.

Amino Ester 34 (Ri = R2 = Me). The methiodide salt 24a
(6.46 g, 0.02 mol) was dissolved in cold water (25 ml) and the so-
lution was made basic (pH ~10) for 10 min. The product was ex-
tracted with ether, and the ether extracts were dried (K2C03)
and evaporated to give on distillation 3.93 g (92%) of 34, bp 75°
(0.1 mm), ir 1710,1650 cm-1.

Anal. Caled for Ci2ZH23N 02 C, 67.57; H, 10.87; N, 6.57. Found:
C, 67.54; H, 11.03; N, 6.77.

On heating in aqueous dilute sodium hydroxide (1.5 N) for 4 hr,
the amino ester produced d,(J-dimethylacrylic acid (35a) in 80%
yield.
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The hydrogenation of the title compound was reinvestigated and the major product was reassigned the trans
configuration. The structure assignment was based on a single-crystal X-ray study of 6a-bromo-4a-(3,5-di-
methyl-4-isoxazoylmethyl)-1d-hydroxy-7ad-methyl-3a«,6,7,7a-tetrahydro-5(4ii)-indanone (3). The bromo com-
pound 3 crystallizes in the tetragonal space group PAz/nbc with a = b = 15.6134 and ¢ = 27.8258 A. The struc-
ture was solved by the heavy atom method and refined to an R index of 11.2%. A rationalization of the stereo-
chemical outcome of the hydrogenation of hydrindanones is offered.

The production of a trans CD ring juncture has been a
serious problem in the efficient total synthesis of steroids.
While studying the utility of the isoxazole annelation se-
quence2 for steroid synthesis we hoped to overcome this
problem by hydrogenating the hydrindanone isoxazole 1.
If file enone 1 could be stereospecificafly reduced to the
trans bicyclic ketone 2, then the isoxazole ring could easi-
ly be converted into the B ring of a de-A steroid with the
natural configuration.

2

Hydrogenation of 1over palladium on charcoal in acidic
ethanobgave an 85:15 mixture of two reduced ketones, 2a
and 2 These two ketones exhibited angular methyl
group resonances at 6 1.09 and 1.25, respectively, in the
nmr. This hydrogenation had been studied_previously by
McMurry,3 and he had assigned ketone 2b, the 5 1.25
compound, to the trans series on the basis of the half-
width of its angular methyl group signal in the nmr.4 This
assignment seemed unlikely because the Ziircher5 rules
predict that the trans ketone should exhibit an angular
methyl resonance 5 0.091 upfield from that of the cis ke-
tone and because there was precedent which suggested
that 4-substituted hydrindanones should give 30-80%
trans product.6

In fact, hath, reduced ketones, 23. and 2b, exhibited sim-
ilar, wide, angular methyl group resonances in the nmr
(AWh/2 = 0.75 and 0.65 Hz, respectively). Stereochemis-
try could be assigned, with confidence, only after the
X-ray crystal structure of the bromo ketone 3 had been
completed. The bromo ketone 3 was prepared by PHT
bromination7 of a, which in turn was isolated from the
hydrogenation mixture by repeated fractional crystalliza-
tion.

The X-ray data from 3 were collected with nickel-fil-
tered Cu Ka radiation to a spacing of 0.94 A. The struc-
ture was solved by the Patterson method and refined by
full-matrix least-squares refinement with anisotropic tem-
perature factors of all nonhydrogen atoms. The R index is
11.2%. A view of the molecule is shown in Figure 1 and re-
veals that bromo ketone J and therefore 23. have the trans
configuration and not the cis assigned by McMurray.

Discussion

The effect of a substituent at C-4 on the stereochemis-
try of hydrindanone hydrogenation is a curious phenome-
non. The parent enone without a side chain at C-4 (4)
gives largely the cis product upon reduction,8 while sub-
stituted hydrindanones (5) give considerably more of the
trans product. The amount of trans product is roughly6
correlated with the size of the side chain.

5

The classical Horiuti-Polanyi9 mechanism of hydroge-
nation requires that the twp hydrogen atoms add to the
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Figure 1. oRTEP drawing of the bromo ketone 3.

same side of an olefin. In the case of a substituted hy-
drindanone 5 this means that the side chain must become
axial in the trans product unless there is a prereduction
double-bond equilibration. We did not observe any axial
product under our acidic hydrogenation conditions, but
Baggaley10 has reported that hydrogenation of a hydrinda-
none with a methoxy group at C-4 (5, R = OCH3) under
neutral, nonequilibrating conditions did give a trans prod-
uct with an axial methoxy group. The question, then, is
why a side chain at C-4 leads to the production of more of
the product with the least stable ring junction, especially
when this requires the side chain to become axial.

Part of the answer is that the hydrogenation of 4 and 1
may have different product-determining steps. Unlike 4,
the hydrogenation of 1 exhibits no pressure effect on the
stereochemistry of the product.90 This suggests that the
slow step in the hydrogenation of 1, the tetrasubstituted
olefin, is the formation of the adsorbed olefinili and not
the formation of the half-hydrogenated state. The stereo-
chemical results than can be rationalized in terms of a
boat-like complexed olefin.12

There are two plausible boat complexes, A and B, each
leading to a different product. Addition of hydrogen in
some fashioni13 to the cis boat A will give a cis saturated
ketone. However, if the R group is large, steric repulsion
between the side chain and the 3a hydrogen atom in the
cis boat A will favor the trans boat B. Transfer of hydro-
gen and desorption of B gives a trans boat saturated ke-
tone with an equatorial side chain. Ring inversion then
gives the trans chair axial product. In the case of 1, the
first-formed trans chair axial product is presumably equil-
ibrated under the acidic reaction conditions to the ob-
served trans chair equatorial product.

M M

M stands for a metal surface atom

The boat intermediate may well be a consequence of
the stereoelectronic requirement that the two carbon-
metal bonds be eclipsed and coplanar in the olefin com-
plex.14 Husseyl5 has pointed out that this eclipsing of car-
bon-metal bonds during the hydrogenation of simple, iso-
lated, cyclohexene double bonds implies a boat intermedi-

McKenzie

ate, and he has offered some evidence that is consistent
with this suggestion, at least for simple cyclohexenes hy-
drogenated over a platinum catalyst.

Experimental Section

Preparation of 4a-(3,5-Dimethyl-4-isoxazolylmethyl)-1/8-
hydroxy-7a/S-methyl-3aa,6,7,7a-tetrahydro-5-(4H)-indanone
(2a). A solution of 50 mg (0.182 mmol) of isoxazole alcohol 1in
0.01 M perchloric acid in ethanol and 15 mg of 10% palladium on
charcoal was stirred for 48 hr under 1 atm of hydrogen. Solid so-
dium bicarbonate was added, and the mixture was swirled for 5
min. Filtration and evaporation gave 49 mg (0.177 mmol, 97.5%
yield) of a semisolid material identified as an 85:15 mixture of
trans and cis hydrindanone. Recrystallization from hexane-iso-
propyl ether gave a purer sample of 2a. mp 146-149°, nmr
(CDCI13) 53.73 (m, 1 H), 2.73 (s, 3 H), 2.21 (s, 3 H), 1.09 (s, 3 H);
ir (CHCI3) 3.03, 5.89, 6.10, 9.02, 11.18 p; mass spectrum (25 eV)
m/e (rel intensity) 277 (9.5), 150 (5.1), 110 (100).

Preparation of 6a-Bromo-4a-(3,5-dimethyl-4-isoxazolyl-
methyl)-1(3-hydroxy-7a(3-methyl-3aa,6,7,7a-tetrahydro-5(4ff)-
indanone (3). A solution of 225 mg (0.081 mmol) of ketone 2a
and 46.8 mg (0.094 mmol) of pyrrolidone 2-hydrotribromide
(PHT) in 4 ml of THF was allowed to stand at room temperature
for 4 hr. The solution was filtered from the precipitate which had
formed, and the filtrate was evaporated at reduced pressure to
give 47 mg of crystalline material. The crude product was chro-
matographed on a 10 X 20 X 0.2 cm silica gel plate, developed
with 60:40 ethyl acetate-chloroform (i?r 0.35) to yield 9.4 mg
(0.026 mmol, 32.6%) of colorless crystals. Recrystallization from
acetone-hexane gave crystals suitable for X-ray: mp 161-164°;
nmr (CDCla) 6 242 (s, 3 H), 223 (s, 3 H), 118 (s, 3 H); ir
(CHCI3) 2.77, 5.77, 6.10 p.

X-Ray Structure of 3. unit cell dimensions were obtained from
least-squares refinement of the 20 angles of 31 reflections mea-
sured on a Datex automated General Electric diffractometer.
Unit cell parameters are a = b = 156134 + 0.0002 A;c = 27.8258
+0.0004 A

The absence of hkO reflections for h + k odd, Okl reflections for
k odd, and hhl reflections for | odd indicated that the space group
is Piz/nbc. The crystal density was found to be 1.41 * 0.01 g
cm-3. The calculated density is 1.40 g cm -3 for 16 molecules of
molecular weight 356.261 per unit cell.

Intensity data were collected by the 0-20 scan method with
nickel-filtered cu Ka radiation (X = 1.5418 A). Reflections were
collected to a maximum value of 20 = 110° with a scan rate in 20
of 2° min“1. Three reflections, the 201, 224, and 220, monitored at
regular intervals during the data collection, decayed in intensity
by 5.3,7.9, and 3.4 standard deviations, respectively.

The intensities of 2140 reflections were measured. The intensi-
ties of 339 of these were observed to be less than one standard de-
viation above background and were assigned a value of zero with
zero weight throughout the refinement. The data were corrected
for Lorentz-polarization effects and for crystal decay but not for
absorption (ji = 37 ¢cm "1). The data were placed on an absolute
scale by Wilson's method.16 A Howells, Phillips, and Rogers
ploti7 confirmed that the crystal iscentrosymmetric.

Approximate coordinates of the nonhydrogen atoms were ob-
tained by the Patterson-Fourier process. Least-squares refine-
ment of coordinates and anisotropic temperature factors con-
verged at an R index of 11.2%. The weighted R index was 4.7%,
and the goodness of fit was 4.2. The average standard deviation
in atomic position is 0.01 A, the average standard deviation in
bond length is 0.02 A, and the average standard deviation in bond
angle is 1°.18
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The alcohol originally reported by Acheson as |,4-bis(p-toluenesulfonyl)-2-hydroxymethyl-I,2,3,4-tetrahydro-
quinoxaline (1) is |,5-bis(p-toluenesulfonyl)-2,3,4,5-tetrahydro-1f/-1,5-benzodiazepin-3-ol (4a). Alcohol 1 has
been prepared by condensation of Af,AP-bis(p-toluenesulfonyl)-o-phenylenediamine with methyl 2,3-dibromo-
propionate to give l,4-bis(p-toluenesulfonyl)-2-carbomethoxy-1,2,3,4-tetrahydroquinoxaline (14), which was re-
duced with lithium aluminum hydride to give authentic 1. Detosylation of alcohol 1 with sulfuric acid gave 2-
hydroxymethyl-1,2,3,4-tetrahydroquinoxaline (6), identical with that obtained by lithium aluminum hydride
reduction of 2-carboethoxy-1,2,3,4-tetrahydroquinoxaline (15). Similarly, detosylation of diazepinol 4a with sul-
furic acid gave 2,3,4,5-tetrahydro-I/f-1,5-benzodiazepin-3-ol (5a), which could be retosylated to give diazepinol

4a.

Substituted tetrahydroquinoxalines are of interest as
models for tetrahydrofolic acid.2’3 Therefore, the re-
ported4 synthesis of I,4-bis(p-toluenesulfonyl)-2-hydroxy-
methyl-1,2,3,4-tetrahydroquinoxaline (1) was extensively
studied, for the 2-hydroxymethyl group of 1 would be an
easy source of various functional groups on a reduced quin-
oxaline ring via routine oxidation, reduction, and dis-
placement reactions.

Condensation of the disodium salt of IV,iV'-bis(p-toluene-
sulfonyl)-o-phenylenediamine (2) with 2,3-dibromo-I-
propanol (3) by the procedure of Acheson4 gave ditosyl al-
cohol 4a, mp 194-195°, reported4 mp 193° for supposed
l,4-bis(p-toluenesulfonyl)-2-hydroxymethyl-1,2,3,4-tet-
rahydroquinoxaline (1). Detosylation of alcohol 4a with
sulfuric acid gave alcohol 5a, mp 139-140°, reported4 mp
140-141° for supposed 2-hydroxymethyl-1,2,3,4-tetrahy-
droguinoxaline (6). Oxidation of alcohol 5a by a variety of
agents was unsuccessful; however, oxidation of ditosyl al-
cohol 4a with Jones reagent5-7 gave a carbonyl compound
(7), mp 179-180°, which readily formed an oxime, a hy-
drazone, a tosylhydrazone, and a 2,4-dinitrophenylhydra-
zone, and which was stable to Tollens and Benedict so-
lutions. The nmr spectrum of 7 showed, in addition to the
tosyl methyl and aromatic signals, only a sharp singlet at
6 4.06 for four protons, thus indicating a very symmetrical

molecule, to which was assigned the structure 1,5-bis(p-
toluenesulfonyl)-2,3,4,5-tetrahydro-1/7-1,5-benzodiazepin-
3-one (7). Mertes and Lin3 have also reported this ketone.
They concluded that alcohol 1 rearranged to ketone 7 dur-
ing oxidation with dicyclohexylcarbodiimide in dimethyl
sulfoxide. We conclude, however, that the reported4 struc-
ture of 1 is incorrect and, in fact, is I,5-bis(p-toluenesul-
fonyl)-2,3,4,5-tetrahydro-I#-1,5-benzodiazepin-ol  (4a),
and Acheson’s detosylated alcohol is 2,3,4,5-tetrahydro-
IH-1,5-benzodiazepin-3-ol (5a), not 2-hydroxymethyl-
1,2,3,4-tetrahydroquinoxaline (6) as reported.4 The O-
mesylate (4b) and O-tosylate (4c) derivatives o: 4a and
the N./V'-diacetyl (5b) and TV Ar-dinitroso (5c) derivatives
of 5a have also been prepared and have properties consis-
tent with the benzodiazepine structure.

Sodium borohydride reduction of ketone 7 gave material
identical (melting point, mixture melting point, ir) to di-
azepinol 4a, thus ruling out formation of ketone 7 from al-
cohol 1 by rearrangement during oxidation. Retosylation
of diazepinol 5a with tosyl chloride in a variety of media
(pyridine, aqueous potassium bicarbonate, or acetic acid-
sodium acetate-tetrahydrofuran8) generally resulted in
noncrystallizable oils. However, the oil from tosy.ation of
5a in the acidic medium crystallized from ethanol after
standing at 0° for several weeks to give a 6% yield of solid
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identical (melting point, mixture melting point, ir) to di-
azepinol 4a, thus demonstrating that no rearrangement of
diazepinol 4a occurred during detosylation.

Diazepinol 4a could also be formed by condensation of
the disodium salt of 2 with epibromohydrin (8). Thus, for-
mation of diazepinol 4a from both 2,3-dibromo-I-propa-
nol and epibromohydrin suggested the presence of a com-
mon intermediate such as epoxide 9 (Scheme 1).9 Ring
opening of epoxide 9, as shown, occurs at the preferred
terminal methylene position to form the seven-membered
diazepine ring system. Support for this conclusion was de-
rived from a report by Saari, Raab, and King10 that con-
densation of the disodium salt of (V,iV'-ethylenebislp-toi-
uenesulfonamide) (10) with 2,3-dibromo-I-propanol gave
mainly 1,4-bis(p-toluenesulfonyl)-Iff-1,4-diazepin-6-ol
(12), presumably via the corresponding 1-N-substituted
2,3-epoxypropane (11) (Scheme I1).

Additional evidence that alcohol 4a was a secondary al-

cohol, and not the primary alcohol 1, was shown by the
appearance of the hydroxyl proton as a doublet 0 = 4.5
Hz) at S 5.41 when its nmr spectrum was recorded in
DMSO-ds.11-12 Similarly, the nmr spectra in DMSO-d6 of
the detosylated alcohol 5a, and its N,N'-diacetyl (5b) and
iV.iV'-dinitroso (5c) derivatives showed doublets at 5 4.55
(J = 6 Hz), 543 (J = 5 Hz), and 5.54 (J = 3 Hz), respec-
tively, for the hydroxyl protons. That these doublets were
the result of the hydroxyl proton coupling with one neigh-
boring proton was confirmed by their disappearance upon
addition of D20 to the nmr samples.

Authentic  1,4-bis(p-toluenesulfonyl)-2-hydroxymethyl-
1,2,3,4-tetrahydroquinoxaline (1) was obtained by the se-
quence shown in Scheme Ill. Condensation of N,N'-bis(p-
toluenesulfonyl)-o-phenylenediamine (2) with methyl 2,3-
dibromopropionatel3 (13) in methanolic potash by the
procedure of Negishi and Day14 gave |,4-bis(p-toluenesul-
fonyl)-2-carbomethoxy-1,2,3,4-tetrahydroquinoxaline (14),
which was reduced with lithium aluminum hydride to
give alcohol 1, mp 134-135°. The physical and spectral
properties of authentic 1 were completely different from
those previously reported by Acheson4 for his supposed 1.
Confirmation of the primary alcohol character of 1 was
obtained by recording its nmr spectrum in DMSO-dg,
with the hydroxyl proton appearing as a triplet (J = 55
Hz) at 6 5.19, which disappeared upon addition of D20 to
the sample. Treatment of alcohol 1 with mesyl chloride in
pyridine gave the O-mesylate derivative 16, whose nmr

Scheme 111
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spectrum was consistent with the tetrahydroquinoxaline
structure.

Detosylation of alcohol 1 with sulfuric acid gave a vis-
cous, high-boiling, noncrystallizable, red oil, identical (ir)
with 2-hydroxymethyl-1,2,3,4-tetrahydroquinoxaline (6),
obtained by lithium aluminum hydride reduction of 2-car-
boethoxy-l1,2,3,4-tetrahydroquinoxalinel5 (15). Alcohol 6
was analyzed as its IV-tosyl derivative 17a, to which has
been assigned the structure I-p-toluenesulfonyl-2-hy-
droxymethyl-1,2,3,4-tetrahydroquinoxaline.16 The nmr
spectrum of 17a in DMSO-d6 showed a triplet (J = 5.5
Hz) at $4.84 characteristic of a primary hydroxyl proton.
The O-mesylate (17b) and O-tosylate (17c) derivatives
also have properties that are consistent with the assigned
2- hydroxymethyltetiahydtoqumoxaline structure.

Experimental Sectionl7

Af,A'-Bis(p-toluenesulfonyl)-o-phenylenediamine (2). This
was prepared in 93% yield from o-phenylenediamine and TsCl in
C5H5N by the method of Acheson4 and was recrystallized from
EtOH (4 ml/g) to constant mp 205-207° (lit.4 mp 204°, lit.18 mp
201 202).

1.5- Bis(p-toluenesulfonyl)-2,3,4,5-tetrahydro-lii-1,5-benzo-

diazepin-3-ol (4a). Condensation of the disodium salt of 2 with
2,3-dibromo-I-propanol (3) by the method of Acheson4 gave 4a in
41.2% yield, mp 194-195° (lit.4 mp 193° for supposed alcohol 1),
recrystallized from EtOH (7 ml/g). Alcohol 4a was also obtained
in 23% yield by the same procedure using epibromohydrin (8) in
place of 2,3-dibromopropanol: ir (KBr) 3510 (OH), 1330, 1150
cm-1 (CSO:2); uv max 200 nm (end absorption), 230 (e 26,800);
nmr (CDCIs) s 2.40 (s, 6, TsCH3), 3.05 (br s, 1, OH), 3.59 (m, 4,
NCH:), 3,80 (m, 1, CHO), 7.34 (m, 8, Ts aromatic), 7.83 (m, 4,
benzo aromatic); nmr (DMSO-de) &5.41 (d, 3 = 4.5 Hz, 1, OH).

1.5- Bis(p-toluenesulfonyl)-2,3,4,5-tetrahydro-1 /7-1,5-benzo-

diazepin-3-ol Methanesulfonate (4b). To a cold (-5°) solution of
0.2 ml (0.3 g, 2.6 mmol) of MsCl in 2.0 ml of dry C5H5N was
added dropwise over 9.25 hr a solution of 0.23 g (0.49 mmol) of al-
cohol 4a in 2.0 ml of dry C5H5N. The solution was stirred at 0°
for 3 hr, diluted with 25 ml of ice and H20, cooled, and filtered to
give 0.20 g (74.2%) of white solid, mp 199-201°, which was recrys-
tallized from CHCI3ligroin (15 ml/g, 2:1) to constant mp 203-
204°: ir (KBr) 1350, 1165 cm"1 (CS02); uv ig”™x 200 nm (end ab-
sorption), 230 (e 25,800); nmr (CDCI3) 6 2.41 (s, 6, TsSCH3), 2.98
(s, 3, MsCH3), 3.1-3.5, 3.9-43 (m, 4 NCH2), 4550 (m, 1,
CHO), 7.35 (m, 8, Ts aromatic), 7.85 (m, 4, benzo aromatic).

Anal. Calcd for C24H26N207S3: C, 52.34; H, 4.76; N, 5.09.
Found: C, 52.02; H, 4.75; N, 4.98.

1.5- Bis(p-toluenesulfonyl)-2,3,4,5-tetrahydro-lif-1,5-benzo-

diazepin-3-ol p-Toluenesulfonate (4c). A solution of 0.95 g (2.0
mmol) of alcohol 4a and 0.76 g (4.0 mmol) of TsCl in 2.5 ml of dry
C5H5N was refluxed for 1 hr. The solution was cooled, poured
onto 5 ml of ice and H20, and filtered to give 1.22 g (97.6%) of
white solid, mp 187-189°, which was recrystallized from CHC13
ligroin (5 ml/g, 2:1) to constant mp 192-193° (lit.3 mp 186-188°):
ir (KBr) 1357, 1167 cm"1 (CS02); uv max 200 nm (end absorp-
tion), 228 (i 40,900); nmr (CDC13) 5 2.41 (s, 6, NTsCH3), 2.50 (s,
3, OTsCHD3), 2.6-3.1, 3.9-4.3 (m, 4, NCH2), 4.3-4.7 (m, 1, CHO),
7.2-8.0 (m, 16, aromatic).

Anal. Calcd for C0H30N20rS3: C, 57.49; H, 4.82; N, 4.47.
Found: C, 57.62; H, 4.82; N, 4.51.

2.3.45-  Tetrahydro-IH-1,5-benzodiazepin-3-ol (5a).
4a was detosylated by standing in concentrated H2S04 (10 ml/g)
for 48 hr at room temperature and was worked up according to
the method of Acheson4 to give 5a in 81% yield, which was recrys-
tallized from EtOH (7 ml/g) to constant mp 139-140° (lit.4 mp
140-141° for supposed alcohol 6): ir (KBr) 3380, 3290 (NH),

3100-3490 cm-1 (lot, OH); uv max 218 nm (e 25,200), 248 sh 7

(4140), 296 (2300); nmr (CDC13) 52.90 (2 d, Jvic = 2 Hz, Jgem =
-12 Hz, 2 NCH2 ax), 3.30 (2 d, Jvic = 5 Hz, Jgem = -12 Hz, 2,
NCH2 eq), 3.57 (s, 3, NH’s and OH), 3.83 (m, 1, CHO), 6.77 (s, 4,
aromatic): nmr (DMSO-de) i 455 (d, J = 6 Hz, 1, OH), 4.85
(brs, 2, NH’s).

Retosylation of Alcohol 5a. A cold (5°) solution of 0.16 g (1.0
mmol) of alcohol 5a, 1.5 ml of H20, 0.2 ml of glacial HOAc, 0.4
ml of THF, and 0.21 g (1.1 mmol) of TsCl was stirred for 15 hr
while warming up to room temperature. The solution was diluted
with 15 ml of H20 and extracted with CHC13. The extracts were

Alcohol
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dried (MgS04), treated with Norit and Celite, and evaporated
under vacuum (30°) to give 0.16 g (34.1%) of tan oil. The oil was
dissolved in 3 ml of hot EtOH, treated with Norit and Celite, and
kept at 0° for about 1 month, after which it partially crystallized.
Filtration of the solution gave 0.003 g (6.4%) of tan solid, mp
187-190°, mmp with 4a 188-191°, mmp with 4c 165-168° (4a and
4c mmp 170-174°).

1.5- Diacetyl-2,3,4,5-tetrahydro-Iff-1,5-benzodiazepin-3-ol

(5b). A solution of 0.82 g (5.0 mmol) of alcohol 5a in 5.0 ml of
Ac20 was allowed to stand at room temperature for 1.5 hr. The
precipitated solid was filtered and washed with H20 to give 1.16 g
(93.5%) of white solid, mp 219-221°, which was recrystallized
from EtOH (10 ml/g) to constant mp 222-223°: ir (KBr) 3420
(OH), 1650 cm-1 (C=0); uv max 200 nm (end absorption), 217 (e
16,200), 262 (1680); nmr (DMSO-de) S1.79 (s, 6, COCH3), 2.23,
4.66 (m, 4, NCH2), 3.65 (m, 1, CHO), 543 (d, 3 = 5 Hz, 1, OH),
7.57 (s, 4, aromatic).

Anal. Caled for Ci3Hi6N203: C, 62.89; H, 6.50; N, 11.28.
Found: C, 62.63; H, 6.33; N, 11.24.

1.5- Dmitroso-2,3,4,5-tetrahydro-lif-1,5-benzodiazepm-3-ol

(5¢). To a solution of 0.82 g (5.0 mmol) of alcohol 5a, 5 ml of
H20, and 1 ml of 12 N HC1, cooled to 5° in an ice bath, was
added dropwise with stirring over 0.5 hr a cold (10°) solution of
0.76 g (11.0 mmol) of NaNO02 in 5 ml of H20. The solution was
stirred until precipitation bad occurred (0.5-2 hr) to give 1.03 g
(92.8%) of tan solid, mp 122-124°, which was recrystallized from
C6Hs (30 ml/g) to constant mp 126-127°: ir (KBr) 3340 (OH),
1450 cm -1 (NNO); uv max 217 (e 7430), 271 (15,100), 380 (667);
nmr (DMSO-de) 5 4.02 (br, s, 4, NCH2), 4.3-4.7 (m, 1, CHO),
554 (d, 3 = 3Hz, 1, OH), 7.2-8.0 (m, 4, aromatic).

Anal. Calcd for COHiION403: C, 48.65; H, 4.54; N, 25.21. Found:
C, 48.42; H, 4.35; N, 25.25.

1.5- Bis(p-toluenesulfonyl)-2,3,4,5-tetrahydro-If/-1,5-benzo-

diazepin-3-one (7). A mixture of 4.73 g (10.0 mmol) of alcohol 4a,
50 ml of acetone, and 6.0 ml of Jones reagent57 (2.67 g of Cr03
dissolved in 2.3 ml of concentrated H2S04 diluted to 10 ml with
H20) was refluxed with stirring for 6 hr. After cooling, the solu-
tion was decanted from the inorganic salts, concentrated under
vacuum (30°) to 10 ml, diluted with 20 ml of H20, cooled, and fil-
tered to give 4.20 g (89.4%) of white solid, mp 170-175°. The prod-
uct was recrystallized from CHCla-EtOH (12 ml/g, 1:1) to yield
324 g (68.9%) of white solid: mp 179-180° (lit.3 mp 176-
178°); ir (KBr) 1755 (C=0), 1350, 1155 cm-1 (CS02); uv max
200 nm (end absorption), 229 (e 32,200); nmr (CDC13) 5 2.40 (s, 6,
TsCH3), 4.06 (s, 4, NCH2), 7.1-7.7 (m, 12, aromatic).

Anal. Calcd for C2BH22N205S2: C, 58.71; H, 4.71; N, 5.95.
Found: C, 58.87; H, 4.76; N, 6.00.

Derivatives of Ketone 7. Oxime: white solid, mp 198-198.5°,
recrystallized from EtOH-H20 (30 ml/g, 5:1). Anal. Calcd for
CZH23N305S2: C, 56.89; H, 4.77; N, 856. Found: C. 56.88; H,
4.81; N, 8.60.

Hydrazone: white solid, mp 184-185° recrystallized from
EtOH-CHCI3 (20 ml/g, 2:1). Anal. Calcd for C23H24N40 4S2: C,
57.01; H, 4.99; N, 11.56. Found: C, 57.07; H, 4.99; N, 11.57.

Tosylhydrazone: white solid, mp 187-188°, recrystallized from
EtOH (50 ml/g). Anal. Calcd for C30H30N406S3: C, 56.41; H,
4.73; N, 8.77. Found: C, 56.16; H, 4.65; N, 8.71.

2.4- Dinitrophenylhydrazone: yellow solid, mp 200-201°, recrys-

tallized from CHCI3-EtOH (100 ml/g, 1:4). Anal. Calcd for
C29H26N60sS2: C, 53.53; H, 4.03; N, 12.92. Found: C, 53.28; H,
3.94; N, 12.74.

NaBH4 Reduction of Ketone 7. A mixture of 0.47 g (1.0 mmol)
of ketone 7 and 0.19 g (5.0 mmol) of NaBH4 in 10 ml of THF was
refluxed with stirring for 3.5 hr. After cooling, 1.25 ml of H20 and
5 drops of 6 N NaOH were added, and the solution was stirred
for 0.5 hr. The layers were separated; the organic layer was dried
(MgS04), treated with Norit and Celite, and evaporated under
vacuum (30°) to give a viscous, yellow oil, which crystallized upon
addition of 5 ml of EtOH to yield 0.43 g (91.2%) of white solid,
mp 193-194°, identical with diazepinol 4a, mmp 193-194°.

1.4- Bis(p-toluenesulfonyl)-2-carbomethoxy-1,2,3,4-tetrahy-

droquinoxaline (14). To 4.49 g (0.08 mol) of KOH dissolved in 50
ml of MeOH was added 16.6 g (0.04 mol) of A/A'-bisfp-toluene-
sulfonyl)-o-phenylenediamine (2), which immediately dissolved
and then precipitated out as its potassium salt. Methyl 2,3-dibro-
mopropionate (9.84 g, 0.04 mol, 5.3 ml) was added dropwise over
0.25 hr, and the resulting mixture was refluxed with stirring for
22 hr. After cooling, the solution was filtered, and the collected
solid was triturated with 100 ml of H20 and refiltered to give 15.1
g (75.5%) of white solid, mp 138-142°. The solid was recrystallized
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from MeOH (25 ml/g) to give 3.33 g of unreacted diamine 2 and
10.7 g (53.5%) of white solid, mp 140-148°. Two recrystallizations
from acetone (2 ml/g) gave 7.84 g (39.2%) of white solid of con-
stant mp 144-145° ir (KBr) 1735 (C=0), 1350, 1165 cm'1
(CS02); uv max 216 ran (e 28,000), 224 sh (27,800); nmr (CDClIs)
5 2.37 (s, 6, TSCH3), 3.68 (s, 3, OCH3), 3.75 (2 d, Jvic = & Hz,

Jeem — ~13 Hz, 1, NCH2 ax), 4.17 (2 d, Jvic = 6 Hz, Jgem = -13
Hz, 1, NCH2 eq), 5.21 (t, J = 6 Hz, 1, NCH), 6.95-7.85 (m, 12,
aromatic).

Anal. Calcd for C24H24N206S2: C, 57.58; H, 4.83; N, 5.60.
Found: C, 57.34; H, 4.67; N, 5.47.

1.4- Bis(p-toluenesulfonyl)-2-hydroxymethyl-1,2,3,4-tetrahy-

droquinoxaline (1). A solution of 1.0 g (2.0 mmol) of ester 14in 9
mlofdry THF was added dropwise over 1 hr to a stirred suspension
of 0.50 g (13.0 mmol) of LiAIH4 in 15 mlofdry THF. The mixture
was stirred at room temperature for 1 hr and cooled in an ice
bath; the excess of LiAIH« was destroyed by successive, dropwise
addition of 0.5 ml of H20, 0.4 ml of 20% NaOH, and 2.5 ml of
H20, followed by 20 ml of CHCI3 to extract the organic product.
After refluxing with stirring for 1 hr more, the solution was fil-
tered. The filtrate was dried (MgSo4), treated with Norit and
Celite, and evaporated under vacuum (30°) to give 0.90 g (95.3%)
of yellow oil. The oil was dissolved in CHCI3 (4 ml) and passed
through a 1-ft Florisil column eluted with CHCI3 (75 ml). Evapo-
ration of the eluent gave 0.88 g (93.2%) of viscous, yellow oil,
which crystallized upon seeding and standing overnight at room
temperature to give 0.46 g (48.8%) of white solid, mp 131-136°.
Recrystallization from EtOH (5 ml/g) gave a white solid of con-
stant mp 134-135° ir (KBr) 3480 (OH), 1346, 1157 cm-1 (CS02);
uv max 214 nm (e 36,200), 260 sh (13,100); nmr (DM SO-d6) s 2.37
(s, 6, TSCH3), 3.30 (m, 2, NCH2), 408 (m, 2, CH20), 450 (m, 1,
NCH), 5.19 (t,J = 5.5Hz, 1, OH), 6.9-7.8 (m, 12, aromatic).

Anal. Calcd for C23H24N205S2: C, 58.46; H, 5.12; N, 5.93.
Found: C, 58.24; H, 5.07; N, 5.91.

14- Bis(p-toluenesulfonyl)-2-hydroxymethyl-1,2,3,4-tetrahy

droquinoxaline Methanesulfonate (16). To 0.50 g (.06 mmol) of
alcohol 1 in 5.0 ml of dry C5H5N cooled at 5° was added 0.5 ml
(0.75 g, 6.5 mmol) of MsCIl. The solution was stirred for 3 hr,
poured onto 20 ml of ice and H20, and filtered to give 0.55 g
(94.2%) of white solid, mp 123-125°. Recrystallization from EtOH
(20 ml/g) gave solid of constant mp 138.5-139.5°. Recrystalliza-
tion from CHCI3ligroin (¢ ml/g, 1:1) gave a mixture of this high-
melting solid and a lower melting white powder, mp 128-129°.
The ir and nmr spectra of these solids were identical, and both
gave satisfactory elemental analyses, thus indicating different
crystal structures of the same compound. Recrystallization of the
lower melting solid from EtOH raised its melting point to that of
the higher melting solid: ir (KBr) 1350, 1163 cm-1 (CSO2); uv
max, 200 nm (end absorption), 216 (e 36,200), 232 sh (33,500);
nmr (CDC13) &2.39 (s, 6, TsCHs), 3.03 (s, 3, MsCH3), 3.67 (t,J =
6 Hz, 2, NCH?2), 4.23 (m, 2, CH20), 477 (m, 1, NCH), 6.9-7.9 (m,
12, aromatic).

Anal. Calcd for CAHzsNzOzSa: C, 52.35; H, 4.76; N, 5.09.
Found (mp 128-129°): C, 52.49; H, 4.68; N, 5.05. Found (mp
138.5-139.5°): C, 52.36; H, 4.76; N,-5.06.

2-Hydroxymethyl-l,2,3,4-tetrahydroquinoxaline (6). A. By
Detosylation of 1. A mixture of 0.47 g (1.0 mmol) of alcohol 1
and 5 m| of concentrated H2S04 was allowed to stand at room
temperature for 24 hr. The solution was diluted with 30 ml ofice-
water, basified to pH 10 with 30 m| of concentrated NH40H, and
extracted with CHCIs. The extracts were dried (MgSOH, treated
with Norit and Celite, and evaporated under vacuum (30°) to
give 0.08 g (48.7%) of viscous, yellow oil, identical by ir with e
prepared by method B.

B. By Reduction of Ester 15. A solution of 3.09 g (15.0 mmol)
of 2-carboethoxy-1,2,3,4-tetrahydroquinoxalineis (15) in 50 m| of
dry Et20 was added dropwise over 1 hr to a stirred suspension of
2.28 g (60.0 mmol) of LIAIH* in 30 ml of dry Et20. The mixture
was refluxed for 1 hr and cooled in an ice bath; the excess LiAIH*
was destroyed by successive, dropwise addition of 2.3 m| of H20,
1.7 ml of 20% NaOH, and 8.0 ml of H20, followed by 50 ml of
CHCI3 to extract the organic product. After refluxing for 1 hr
with stirring, the solution was filtered. The filtrate was dried
(MgSO*), treated with Norit and Celite, and evaporated under
vacuum (30°) to give 2.34 g (95.2%) of viscous, yellow oil, identical
by ir with 6 prepared by method A. Vacuum distillation of the oil
gave 1.85 g (75.3%) of viscous, red oil: bp 175-180° (1 mm) (all at-
tempts to crystallize the oil failed); ir (neat) 3430 cm-1 (OH); uv
max 218 nm (e 34,500), 256 (5200), 311 (4340); nmr (CDC13) 5 3.15
(m, 2, NCH2), 3.34 (m, 1, NCH), 3.50 (brs, 2, CH20), 3.52 (s, 3,
N H’sand OH), 6.56 (m, 4, aromatic).

Fisher and Schultz

1  -p-Toluenesulfonyl-2-hydroxymethyl- 1,2,3,4-tetrahydroqui-

noxaline (17a). A mixture of 1.34 g (8.2 mmol) of alcohol 6, 1.0 g
(10.0 mmol) of KHCO03, 2.0 g (10.4 mmol) of TsCI, 5 ml of THF,
and 5 ml of H20 was stirred at room temperature for 3 hr. The
THF was evaporated under vacuum (30°) and the H20 was de-
canted off, leaving an oily residue which was triturated with two
20-m| portions of hot ligroin (bp 63-75°) to remove unreacted
TsCl. The residue remaining crystallized to give 2.12 g (81.6%) of
tan solid, mp 135-144°. Two recrystallizations from EtOH (5
ml/g) gave 1.43 g (55.0%) of white solid: mp 147.5-148.5°; ir
(KBr) 3510 (OH), 3330 (NH), 1335, 1156 cm'1 (CS02); uv max
215 nm (e 30,800), 243 (18,300), 307 (4920); nmr (CDCls) S2.35 (s,
3, TsCH3), 3.26 (m, 2, NCH?2), 3.47 (m, 2, CH20), 4.11 (m, 1,
NCH), 2.9-3.6 (br m, 2, NH and OH), 6.4-7.7 (m, 8, aromatic);
nmr (DMSO-d6) &4.84 (t,J = 5.5Hz,1,0H), 588 (brs, 1, NH).

Anal. Calcd for CisH1sN203S: C, 60.36; H, 5.70; N, 8.80.
Found: C, 60.16; H, 5.64; N, 8.69.

I-p-Toluenesulfonyl-2-hydroxymethyl-1,2,3,4-tetrahydroqui-
noxaline Methanesulfonate (17b). To a stirred, cold (—5°) solu-
tion of 2.0 ml (3 g, 26 mmol) of MsCl in 5 ml of dry CsHsN was
added dropwise over 0.5 hr a solution of 3.18 g (10.0 mmol) of al-
cohol 17ain 10.0 ml of dry CsHsN. The solution was stirred at 0°
for 3 hr, poured onto 100 ml of ice and H20, cooled, and filtered
to give 3.92 g (99%) of off-white solid, mp 148-151°. Recrystalliza-
tion from CHCI3-ligroin (20 ml/g, 2:1) gave a white solid of con-
stant mp 154-155°: ir (KBr) 3390 (NH), 1345, 1170 cm-1 (CS02);
uv max 200 nm (end absorption), 214 (e 34,700), 237 (16,800), 308
(3660); nmr (CDCI3) s2.36 (s, 3, TsCH 3), 3.50 (s, 3, MsCH3), 3.92
(m, 2, NCH2), 402 (m, 3, CH20 and NCH), 4.14 (brs, 1, NH),
6.4-7.7 (m, 8, aromatic).

Anal. Calcd for Ci7rH20N205S2: C, 51.50; H, 5.08; N, 7.07.
Found: C, 51.69; H, 5.25; N, 7.07.

I-p-Toluenesulfonyl-2-hydroxymethyl-1,2,3,4-tetrahydroqui-
noxaline p-Toluenesulfonate (17c). To 0.32 g (1.0 mmol) of alco-
hol 17ain 4.0 ml of dry OsHsN cooled to 5° was added 0.38 g (2.0
mmol) of TsCIl. The solution was kept at o° for 5 days, then dilut-
ed with 20 ml of ice-water, acidified with e N HC1, and extracted
with CHCI3. The extracts were dried (MgSO¥*), treated with
Norit and Celite, concentrated to 5 ml, and diluted with 5 ml| of
ligroin to give 0.32 g (66.7%) of light yellow solid, mp 127-130°.
Recrystallization from CHCI3-ligroin (10 ml/g, 1:1) gave a white
solid of constant mp 131-132°. The product was unstable, turning
purple-gray upon prolonged standing, and many times it was
never formed by the above procedure: ir (KBr) 3390 (NH), 1350,
1162 cm-1 (CSOsi; uv max 200 nm (end absorption), 216 (c,
37,000), 244 sh (14,200), 309 (2130); nmr (CDC13) s 2.34 (s, 3,
NTsCHs), 2.42'(s, 3, OTsCH3), 3.20 (m, 2, NCH?2), 3.98 (m, 3,
CH20 and NCH), 4.79 (brs, 1, NH), 6.35-7.85 (m, 12, aromatic).
Anal. Calcd for C23H24N205S2: C, 58.46; H, 5.12; N, 5.93,
Found: C, 57.85; H, 5.07; N, 5.63.

Registry No. 1, 49633-27-4; 2, 49633-28-5; 3, 96-13-9; 4a,
49633-29-6; 4b, 49633-30-9; 4c, 49633-31-0; 5a, 49633-32-1; 5b,
49633-33-2; 5C, 49633-34-3; 6, 49633-35-4; 7, 1179-18-6; 7 oxime,
49633-37-6; 7 hydrazone, 49633-38-7; 7 tosylhydrazone, 49633-39-8;
7 2,4-dinitrophenylhydrazone, 1183-85-3; 8, 3132-64-7; 14, 49633-
41-2; 15, 49633-42-3; 16, 49633-43-4; 17a, 49633-44-5; 17b, 49633-
45-6; 17c, 49689-60-3.
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Tosylation of several 2-substituted 1,2,3,4-tetrahydroquinoxalines (methyl, hydroxymethyl, carboxamide,
carboxylic acid, or carboethoxy) gave exclusively iV-monotosyl derivatives whose nmr spectra justified assign-
ment of the tosyl group to the 1-N position. Support for this assignment was obtained by comparing the nmr
spectra of unsubstituted and N-tosylated tetrahydroquinolines and tetrahydroquinaldines as model compounds.
The tosyl derivatives were then utilized to establish the C-2 chiralities of the various 2-substituted 1,2,3,4-tet-
rahydroquinoxalines according to the sequence (i?S)-1,2,3,4-tetrahydroquinoxaline-2-carboxamide, (70-1,2,3,4-

tetrahydroquinoxaline-2-carboxamide,

(71)-1-p-toluenesulfonyl-1,2,3,4-tetrahydroquinoxaline-2-carboxamide,

(7?)-1-p-toluenesulfonyl-1,2,3,4-tetrahydroquinoxaline-2-carboxylic acid, (77?)-1-p-toluenesulfonyl-1,2,3,4-tetrahy-
dro-2-hydroxymethylquinoxaline, and (S)-1-p-toluenesulfonyl-2-methyl-1,2,3,4-tetrahydroquinoxaline—the latter
identical with the configurational standard prepared unequivocally from L-a-alanine.

Substituted tetrahydroquinoxalines are of interest as
models for tetrahydrofolic acid.2’'3 It is the purpose of this
paper to report that tosylation of the tetrahydroquinoxa-
lines la-e gave exclusively the I-(V-monotosyl derivatives
2a-e, to present evidence in support of said structures,
and to outline the utility of the above tosyl derivatives for
establishing the chiralities of their various asymmetric
centers, as well as of the asymmetric centers of the parent
tetrahydroquinoxalines. Scheme | depicts the structures of
the compounds prepared and utilized for this study.

Tosylation was carried out with tosyl chloride in the
usual basic media of pyridine or aqueous sodium bicar-
bonate, or in the more unusual acidic medium of aqueous
acetic acid-sodium acetate-tetrahydrofuran. In general,
the acidic medium gave higher yields of purer product
than the basic media, and reaction in acid favored N-to-
sylation vs. O-tosylation in case of le. The single excep-
tion was tetrahydroquinoxaline-2-carboxylic acid (Ic). In
pyridine Ic gave a mixture of the /V-tosyl acid 2c and the
IV-tosyl lactam 3, identified by ir, nmr, and elemental
analysis. Hydrolysis of lactam 3 in aqueous sodium hy-
droxide gave the iV-tosyl acid 2c. Tosylation of the acid Ic
in aqueous sodium bicarbonate gave small yields of the
/V-tosyl acid 2c, while tosylation in acidic medium gave 2c
in good yield.

H-nmr evidence indicated that tosylation occurred at
the 1-N position, contrary to N-acylation of 2-substituted
tetrahydroquinoxalines, e.g., monobenzoylation of 2-
methyl- and 2-tert-butyl-1,2,3,4-tetrahydroquinoxaline
which has been reported4to occur at the 4-N position.

The chemical shifts of the protons on the C-2 and C-3
atoms adjacent to the nitrogen atoms in tetrahydroquin-
oxalines are dependent on the diamagnetic anisotropy of
nearby bonds or rings and the inductive effects of neigh-
boring groups or atoms.8 Since the tosyl group is electron
withdrawing, its substitution on the 1-nitrogen predicates
a greater downfield chemical shift difference for the C-2
methine proton than for the C-3 methylene protons when
comparing the nmr spectra of the unsubstituted and the

iV-monotosyl tetrahydroquinoxalines. Table | demon-
strates that all of the compounds studied showed such a
chemical shift difference, thus warranting assignment of
the tosyl group to the 1-N position in compounds 2a-e.

In support of this assignment, the nmr spectra of the
model compounds tetrahydroquinoline (4a), tetrahydro-
quinaldine (4b), and their N-tosyl derivatives 5a6 and 5b
showed (Table Il) that a greater chemical shift difference
was observed for the C-2 ring protons adjacent to the tosyl-
ated nitrogen than for the C-3 protons two carbon atoms
removed from the substituted nitrogen. Similar shift ef-
fects have been observed7'8 for iV-acetyl-, iV-benzoyl-, and
/V-thioacetyltetrahydroquinolines and -tetrahydroquinal-
dines.

The fact that tosylation of 2-substituted tetrahydroquin-
oxalines la-e gave only the monotosyl derivatives 2a-e,
especially in the acidic medium (pH 4), was curious in
light of a report by Morley9 that acylation of tetrahydro-
quinoxaline gave predominantly 1,4-diacyl derivatives at
PH <5, and monoacyl derivatives at a higher pH. Cavag-
nol and Wiseloglel0 reported that benzenesulfonation of
tetrahydroquinoxaline in aqueous sodium hydroxide gave
only the mono-7V-benzenesulfonyl derivative. Also curious
is the fact that tosylation of 2-methyltetrahydroquinoxa-
line (la) gave the 1-iV-tosyl derivative, whereas its re-
ported acetylation or benzoylation gave first the 4-N-sub-
stituted derivative 6a,b and then the 1,4-disubstituted
derivative 7a,b.4 From the chemical shift data (Table III)
for the mono (6a,b) and di (7a,b) derivatives it is seen
that the monoacyl substituent causes a larger chemical
shift difference for the C-3 equatorial proton when com-
pared with the unsubstituted parent (la), thus indicating
that, in contrast to tosylation, the first acyl group goes to
the 4-N position of the heteroring. Only on disubstitution
is a significant shift of the C-2 proton observed, indicating
the second acyl group to be in the 1-N position.

The divergence of results for tosylation us. acylation of
tetrahydroquinoxalines suggests that these reactions pro-
ceed by different mechanisms with the position of substitu-
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Compd* Solvent6 Asd 5e, AS S AS
I-Ts-2-Me-THQXx CDCh 2.78} 2.91] 4.15"
. -0.35 0.73
2-Me-THQX cDCb 2.921" —0.14 3.26 L 3421
1-Ts-2-CONH2THQx DMSO-dé6 3.321_ 0.10 3.32] 0.10 4.2611 0.49
2-CONH2THQx DMSO-ds 3.221 ' 3.221 ' 3.771 '
I-Ts-2-COOH-THQX DMSO-de 3.441 3.441 4.18'
2-COOH-THQX DMSOA 3.3217 0.12 3.320" 0.12 3oe)l 022
I-Ts-2-COOEt-THQx CDCb 3.04] 3.44] ) 4.58]
2-COOEt-THOX CDCb 333l 029 3.58 | 0.14 4.017! 0.57
I-Ts-2-CH20H-THQx CDCb 3.26 3.26 4111
2-CH,OH-THQx CDCh 3.15j 0.11 3.15] 0.11 3.34j[ 0.77

“THQx =
represents an upheld shift.

Scheme |
H H
la-e 2a-e
a, R = CH3
b, R = CONH2
¢, R = COOH
d, R= COOCHXH3
e, R = CH2H
4a,b 5a,b
a R=H
b, R = CHj
CH3 H fr
Y "ch3
COOH
02
8
a, R = COCH3
b, R=COCA

tion being controlled by different factors. It appears that
acylation proceeds through an intermediate via an Sn2-
type mechanismil and is controlled by steric factors in
which the bulk of the incoming acyl group causes substi-
tution to occur at the least hindered 4-N position farthest
away from the 2-alkyl group. Tosylation, however, appears
to be controlled by electronic effects, such as increased
basicity of the 1-nitrogen, which directs the incoming
tosyl group to the 1-N position.

Archer and Mosheri2 have shown that 2-substituted tet-
rahydroquinoxalines exist predominantly in a half-chair

tetrahydroquinoxaline. 6 Solutions were ~10% in the given solvent. e&is in ppm from internal TMS. 4 —AS

Tetrahy(q qI loﬁlhnltfegs 'gr%] ?héfltr W[?osﬂ ﬁerlvatlves

—-C-3 protons— > r—C-2 proton(s)-
AS

Compd* si A6C 5
Ts-THQnN 1.62} ‘
THQn | gg) 0N 378
Ts-2-Me-THQn 1.721 0 on 4-38
2-Me-THQn 1.78/ °-06 3.32)
“THQn = tetrahydroquinoline. bs is in ppm from in-

ternal TMS for ~10% solutions in CDC13 c¢— as repre-
sents an upheld shift.

conformation with the 2-alkyl group preferentially equato-
rial, as evidenced by a chemical shift difference of ~1
ppm downfield between the axial and the equatorial C-3
methylene protons. The extent to which the 1-nitrogen is
coplanar with the aromatic ring is in doubt, based on a
recent microwave determination which showed that the
NH2 group of aniline is not coplanar with the benzene
ring.13 Therefore, it is conceivable that the 2 substituent
of 2-substituted tetrahydroquinoxalines, in seeking the
equatorial position, forces the 1-nitrogen to be noncopla-
nar with the aromatic ring, thereby sterically inhibiting
delocalization of the lone electron pair of the 1-nitrogen
atom into the aromatic ring, increasing its basicity. Thus,
the increased basicity of the 1-nitrogen over that of the 4-
nitrogen atom attracts the incoming tosyl group to the
1-N position. The exact mechanism of N-tosylation and
the reason why 2-substituted tetrahydroquinoxalines give
only monotosyl derivatives are still unknown. Further in-
vestigation in these areas is warranted.

The structures of the various I-tosyl-2-substituted
1,2,3,4-tetrahydroquinoxalines having been established,
determinations of the chiralities of their asymmetric cen-
ters followed.

The unequivocal synthesis of (S)-2-methyl-1,2,3,4-tet-
rahydroquinoxaline [(S)-la] from L-a-alanine and 2,4-di-
bromonitrobenzenel4 via the sequence (S')-AFr(2-nitro-5-
bromophenyl)-a-alanine, (S)-3-methyl-6-bromo-3,4-dihy-
dro-2 (lif)-quinoxalinone, (S)-2-methyl-7-bromo-I1,2,3,4-
tetrahydroquinoxaline, and (S)-2-methyl-1,2,3,4-tetrahy-
droquinoxaline has been reported,i15 and was repeated
using 2,5-dibromonitrobenzenel6 in place of 2,4-dibromo-
nitrobenzene, uiothe parallel sequence, (S)-8, (S)-9, (S)-10,
(S)-la. Both sequences gave almost the same overall yields
of (S)-la of identical physical and optical properties, thus
confirming the optical purity of the original unequivocally
prepared (6')-la.

Little difference was noted in the reactivities of the two
series of bromo-substituted isomers. Curiously, (S)-3-
methyl-6-bromo-3,4-dihydro-2(IH)-quinoxalinone was sta-
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Compda s ] AS 5 £
4-Ac-2-Me-THQXx 2.96, 4.35, 3.56,
2-Me-THQXx 2.92 _8-23 3.26 1-22 3.42 0.14
DiAc-2-Me-THQXx 2.82' : 4.90s : 4.90S 1.48
4-Bz-2-Me-THQX'i 3.25, 4.15, 3.55,
2-Me-THQx 2.92 8'532 3.26 2-23 3.42 2-23
DiBz-2-Me-THQXx 3.48* : 4.565 : 5.06S :

*THQx = tetrahydroquinoxaline, Ac = acetyl, Bz = benzoyl.

CDC13 c—AS represents an upheld shift.

ble in boiling water but dehydrogenated to 3-methyl-6-
bromo-2(1/f)-quinoxalinonel7 on heating or prolonged
standing in organic solvents or on passage through an alu-
mina column, whereas its isomer was stable in organic
solvents but dehydrogenated to 3-methyl-7-bromo-2(li/)-
quinoxalinonel? in boiling water. The 4-acetyl-, 1,4-diace-
tyl-, and Il,4-dibenzoyl-(S)-2-methyl-1,2,3,4-tetrahydro-
quinoxalines have also been prepared.

It was desired to use this unequivocally prepared (S)-2-
methyl-1,2,3,4-tetrahydroquinoxaline [(S)-la] of known
chirality about C-2 as a configurational standard to deter-
mine the chiralities of other 2-substituted 1,2,3,4-tetrahy-
droquinoxalines by means of a series of routine oxidation,
reduction, and displacement reactions which would relate
their absolute configurations to that of the standard, (S)-
la.

To this e (i?5)-1,2,3,4-tetrahydroquinoxaline-2-car-
boxamidel8 (from quinoxaline-2-carboxamidel9) was
resolved with dibenzoyl-d-tartaric acig,20'21 thereby es-
tablishing the C-2 chiralities of amide IU, acid Ic, and al-
cohol le by relation to the configurational standard, (S)-
2-methyhl,2,3,4-tetTahydrogqumoxa\ime )(S>-la}, as out-
lined in Scheme I1.

Scheme 11
(IKRS)-lb — (+MR)-Ilb —- (+HR)-lc —» (-HR)-le
1
(+)-(R)-2b — (9-(R)-2c —* (-HR)-2e
|
(+HSHO — (9-(9-la — (©O-(8)-2a — (-HR)-l
(+HS)-9 (+)-(S)-8

Tosylation of the optically active amide (-ff)-lb with
tosyl chloride in a buffered (pH 4) aqueous acetic acid-
sodium acetate-tetrahydrofuran solution gave (+)-l-tosyl-
1,2,3,4-tetrahydroquinoxaline-2-carboxamide [(R)-2bj. Hy-
drolysis of amide (R)-2b in aqueous sulfuric acid gave
(~)-i-tosyl-1,2,3,4-tetrahydroquinoxaline-2-carboxylic
acid ](i?)-2c], and lithium aluminum hydride reduction of
acid (i?)-2c gave (-)-l-tosyl-2-hydroxymethyl-1,2,3,4-tet-
tahydroquinoxaline f(R)-2ei,. In contrast to their untosyl-
ated parent analogs, the latter two compounds were sta-
ble crystalline solids. Treatment of alcohol (R)-2e with
mesyl chloride in pyridine gave its (-)-O-mesylate deriva-
tive (-R)-ll, and sodium borohydride reduction of mesyl-
ate (J?)-11 gave (-)-(S)-l-tosyl-2-methyl-1,2,3,4-tetrahy-
droquinoxaline [(S')-2a], identical with that obtained by
directly tosylating the configurational standard (S)-2-
methyl-1,2,3,4-tetrahydroquinoxaline [(S)-la].

6ais in ppm from internal TMS for '~10% solutions in

i Shift values are taken from ref 4.

Therefore, this sequence of reactions permitted assign-
ment of the R chirality to the O-mesylate derivative 11
and the preceding 2-substituted 1,2,3,4-tetrahydroquinox-
alines. It should be noted that the Cahn-Ingold-Prelog22
designation of the chirality changes from R to S in going
from the O-mesylate 11 to the methyl compound 2a. The
reason for this is that the priority of the groups changes in
going from a hydroxymethyl mesyl group to a methyl
group, although the arrangement of these groups about
the chiral center remains the same.

Experimental Section23

1,2,3,4-Tetrahydroqumoxaline-2-carboxamide (Ib). Catalytic
reduction of quinoxaline-2-carboxamideld in EtOH over 10%
Pd/C gave (AS')-ib (92%), recrystallized from CHCI3-acetone (25
ml/g, 2:1) to constant mp 110-112° (lit.18 mp 111°): nmr (DMSO-
dé) b 3.22 (m, 2, NCH2), 3.77 (m, 1, NCH), 5.28, 554 (br s, 2,
NH'’s), 6.45 (s, 4, aromatic), 7.19 (brs, 2, CONH2).

Resolution of (RS)-Ib. To a hot (50°) solution of 26.6 g (0.15
mol) of amide (fIS)-Ib in 100 ml of Me2CO was added a previous-
ly filtered, hot (50°) solution of 55.0 g (0.15 mol) of dibenzoyl-d-
tartaric acid monohydrate in 500 ml of CHCI3. After standing for
20 hr at room temperature, the solution was filtered to give 33.4 g
of tan solid, mp 129-131°, [<§24d -28.6° (c 1.0, EtOH). Four re-
crystallizations from hot Me2CO (2 ml/g) diluted with CHCI3 (6
ml/g) gave 20.3 g of light tan solid, mp 135-137°, [a]2iD —2.1° (c
1.0, EtOH), which analyzed for the 1.5 amide to 1.0 acid monohy-
drate complex.

Anal. Calcd for (C9HIiiN30)i.5-Ci8Hi408-H20: C, 58.89; H,

.5.10; N, 9.86. Found: C, 58.87; H, 4.95; N, 9.75.

The diastereomeric salt (20.3 g) was dissolved in 50 ml of H20
containing 10 g of KHCO3. This aqueous solution was extracted
for 12-18 hr with CHCI3 in a continuous, heavier-than-water ex-
tractor. The extracts were dried (MgSO-i), concentrated to 20 ml,
and cooled to give 7.43 g [55.8% of total (R)-Ib enantiomer initial-
ly present] of light yellow solid, mp 122-124°, [a]2ii> +162.0° (c
1.0, EtOH). Recrystallization from Me2CO (3 ml/g) diluted with
CHCI3 (5 ml/g) gave light yellow (R)-1b of constant mp 123-124°:

+162.8° (c 1.0, EtOH), +151.2° (¢ 1.0, THF), +174.8° (c
1.0, CHCI3); ir (KBr) 3200, 3310, 3370, 3425 (NH), 1620 cm*“1
(C=0); uv max 217 nm (t 32,700), 249 (3890), 308 (3890); nmr,
same as for the RS compound.

Anal. Calcd for COHUN30: C, 61.00; H, 6.26; N, 23.71. Found:
C, 60.90; H, 6.20; N, 23.63.

1,.2,3,4-Tetrahydroqumoxaline-2-carboxylic Acid (Ic). Hy-
drolysis of amide Ib in refluxing 15% agq H2SO* or 6 NHC1 for 1
hr, followed by adjusting the pH to 4 with solid KHCO3, gave
acid lIc.

(RS)-lc. A 92% yield was obtained: mp 165-167° (lit.1l8 mp
166-168°); nmr (DMSO-d6) b3.32 (d, J = 4.5 Hz, 2, NCH2), 3.96
(t, J = 45 Hz, 1, NCH), 5.70 (m, COOH, NH'’s, and HzO), 6.40
(m, 4, aromatic).

(R)-lc. A 62% yield was obtained: mp 185-186° (from H20, 20
ml/g); +36.1° (¢ 1.0, THF), +20.0° (c 1.0, EtOH), insoluble
in CHCI3; neut equiv, calcd 178.2, found 178.4; ir (KBr) 3370
(NH or OH), 3220 (OH or NH), 1690 cm' 1 (C=0); nmr same as
above.

Anal. Calcd for COHiON202: C, 60.66; H, 5.66; N, 15.72. Found:
C, 60.74; H, 5.45; N, 15.85.

2-Carboethoxy-1,2,3,4-tetrahydroquinoxaline (1d). Catalytic
reduction of 2-carboethoxyquinoxaline24 in EtOH over 10% Pd/C
gave Id (90%), which was recrystallized from EtOH (6 ml/g) to
constant mp 77-79° (lit..8 mp 77°): nmr (CDCI3) 51.22 (t,J =7
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Hz, 3, CH3), 3.33 (2. d, Jvic = 6 Hz,Jgem= -11 Hz, 1, NCH2 ax),
358 (2 d,Jvic = 4 Hz, Jgem = -11 Hz, 1, NCH2 eq), 3.84 (s, 2,
NH’s), 4.01 (m, 1, NCH), 4.18 (q,J = 7 Hz, 2, 0CH 2), 6.57 (m, 4,
aromatic).

(R)-2-Hydroxymethyl-1,2,3,4-tetrahydroquinoxaline [(/?)-1e].
Optically active (R)-le was prepared in 99.3% yield by LiAIH4
reduction of acid (R)-lc using the same procedure as reportedis
for reduction of ester (RS)-Id to alcohol (RS)-le: red oil; bp 230-
260° (15 mm); n25d 1.6087; [a]24D -24.2° (c 1.0, EtOH), -13.1° (c
1.0, THF)" -25.8* (c 1.0, CHC13); ir, uv, and nmr same as for
(RS)-le.18

1.2.3.4-
tilled quinoline in EtOH over 10% Pd/C gave 4a in 66% yield: bp
142-144° (15 mm); n2lp 1.5911 (lit.2s bp 85-86° (2 mm), n25d
1.5910); nmr (CDCI3) &1.88 (p, 3 = & Hz, 2, C-3 methylenes),
2.72 (t, J = 6 Hz, 2, C-4 methylenes), 3.23 (distorted t, J = 6 Hz,
2, C-2 methylenes), 3.55 (brs, 1, NH), 6.3-7.2 (m, 4, aromatic).

1.2.3.4-
distilled quinaldine in EtOH over 10% Pd/C gave 4b in 66%
yield; bp 143-144° (20 mm); n21D 1.5687 (lit.2e bp 76-78.5° (0.75
mm), n20d 1.5692); nmr (CDCI3) 5 1.15 (d, 3 = 6.5 Hz, 3, CH3),
1.72 (m, 2, C-3 methylenes), 2.68 (m, 2, C-4 methylenes), 3.32 (m,
1, C-2 methine), 3.47 (brs, :,NH), 6.3-7.2 (m, 4, aromatic).

General Procedure for N-Tosylation in Acidic Medium. Ten
millimoles of the compound to be tosylated and 1.5 g (11.0 mmol)
of NaOAc-3H20 were dissolved in 15 ml of H20, 4 ml of THF,
and 2 ml of gl HOAc (solution pH ~4) and cooled to 5° in an ice
bath. TsCl (2.1 g, 11.0 mmol) was added, and the mixture was
stirred overnight (~18 hr) while warming up to room tempera-
ture. The precipitated product was filtered and dried. If the prod-
uct did not precipitate directly from the solution, excess H20 was
added, and the solution was extracted with CHCI3, from which
the product was isolated by evaporation of the CHCI3 and crys-
tallization of the residue.

1 -p-Toluenesulfonyl-1,2,3,4-tetrahydroquinoxaline-2-carbox-

amide (2b). (RS)-2b. An 85% yield was obtained by tosylating
(RS)-Ib: white solid; mp 182-183°, recrystallized from EtOH (3
ml/g); ir (KBr) 3470, 3360, 3310 (NH), 1665 (C=0), 1345, 1165
cm*1 (CS02); uv max 213 nm (< 39,400), 237 sh (19,400), 303
(4130); nmr (DM SO-d6) 5 2.31 (s, 3, TsCH3), 3.32 (m, 2, NCH 2),
426 (m, 1, NCH), 6.05 (br s, 1, NH), 6.40-7.70 (m, 10, aromatic
and CONHz2); nmr (acetone-do) b 2.31 (s, 3, TSCH3), 3.41 (m, 2,
NCH?2), 424 (t, 3 = 10 Hz, 1, NCH), 5.42 (brs, 1, NH), 6.45-7.65
(m, 10, aromatic and CONH 2).

Anal. Calcd for Ci6H17N303S: C, 57.99; H, 5.17;
Found: C, 57.99; H, 5.06; N, 12.86.

(R)-2b. An 80.5% yield was obtained by tosylating (R)-Ib: mp
155-156°; M 2h) +44.4° (c 1.0, CHC13), +10.0° (c 1.0, THF),
+19.8° (c 1.0, EtOH); ir (KBr) 3450, 3390, 3125 (NH), 1670
(C=0), 1335, 1160 cm-1 (CSO2); uv max 214 nm (f 26,000), 238
sh (13,000), 305 (2890); nmr same as for (RS)-2b.

Anal Found: C, 58.06; H, 5.12; N, 12.41.

I-p-Toluenesulfonyl-1,2,3,4-tetrahydroquinoxaline-2-carbox-
ylic Acid (2c). (RS)-2c. A 67% yield was obtained by tosylating
(RS)-lc: white solid; mp 189-190°, recrystallized from MeOH-
H20 (6 ml/g, 2:1); ir (KBr) 3380 (NH), 3290 (OH), 1750 (C=0),
1330, 1140 cm-1 (CS02); uv max 213 nm (e 20,800), 238 (12,500),
304 (2330); nmr (DMSO-de) b 2.32 (s, 3, TsCH3), 3.44 (m, 2,

N, 12.68.

NCH2), 418 (m, 1, NCH), 5.9-7.2 (m, 10, aromatic, NH, and
COOH); neut equiv calcd 332.4, found 332.7.
Anal. Calcd for CieH isN204S: C, 57.82; H, 4.85; N, 8.43.

Found: C,57.71; H, 4.89; N, 8.56.

(R)-2c. Amide (R)-2b was hydrolyzed in refluxing 15% H2S04
for 2.5 hr to give acid (R)-2c in 94.7% yield: mp 123-125°; [«]24d
-21.3° (c 1.0, THF), -34.4° (e 1.0, EtOH), unstable in CHCI3 so-
lution; neut equiv, calcd 332.4, found 332.7; ir (KBr) 3370 (NH),
3650-2800 (OH), 1710, 1738 (d, C=0), 1340, 1160 cm'1 (CS02),
uv and nmr same as for (RS)-2c.

Anal. Found: C, 57.65; H, 4.97; N, 8.33.

I-p-Toluenesulfonyl-2-carboethoxy-1,2,3,4-tetrahydroquin-
oxaline (2d). An 84% yield was obtained by tosylating Id: white
solid; mp 139-140°, recrystallized from EtOH (10 ml/g); ir (KBr)
3370 (NH), 1740 (C=0), 1350, 1160 cm' 1 (CS02); uv max 200
nm (end absorption), 215 (e 23,700), 240 (12,300), 307 (3150); nmr
(CDCI3) b 1.27 (t,J = 7 Hz, 3, CH3), 2.36 (s, 3, TsCH3), 3.04 (2
d, Jvic = 10 Hz, Jgem = -13 Hz, 1, NCH2 ax), 3.44 (m, 1, NCH
eq), 4.21 (q, 3 = 7Hz, 2, OCH2), 438 (s, 1, NH), 458 (2d,J = 3
and 13 Hz, 1, NCH), 6.4-7.8 (m, 8, aromatic).

Anal. Calcd for CisH20N204S: C, 59.98; H,
Found: C, 60.06; H, 5.59; N, 7.79.

I-p-Toluenesulfonyl-2-hydroxymethyl-1,2,3,4-tetrahydroqui-

559; N, 7.77.

Tetrahydroquinoline (4a). Catalytic reduction of redis-

Tetrahydroquinaldine (4b). Catalytic reduction of re-

Fisher and Schultz

noxaline (2e). (RS)-2e. A 91% yield was obtained by tosylating
(RS)-le: white solid; rap 147.5-148.5°, recrystallized from EtOH
(5 ml/g); nmr (CDCI3) b 2.35 (s, 3, TsCH3), 3.26 (m, 2, NCH2),
347 (m, 2, CH20), 4.11 (m, 1, NCH), 2.9-3.6 (m, 2, OH and
NH), 6.4-7.7 (m, 8, aromatic); ir and uv reported previously.is

(R)
in 25 ml of dry Et20 was added dropwise over 0.25 hr a solution
of 0.90 g (2.7 mmol) of tosyl acid (E)-2c in 6 ml ofdry THF. The
solution was refluxed for 1.5 hr and cooled in an ice bath. Excess
LiAIH 4 was destroyed by successive, dropwise addition of 0.76 ml
of H20, 0.57 ml of 20% NaOH, and 2.7 ml of H20, followed by 25
ml of CHCI3 to extract the organic product. After refluxing for 1,5
hr, the solution was filtered. The filtrate was dried (M gS04),
treated with Norit and Celite, and evaporated under vacuum
(30°) to give 0.80 g (93.3%) of yellow oil, which upon recrystalliza-
tion from CeHs (5 ml/g) gave a white solid, mp 113-115° with a
phase change at 76-78° (probably due to a benzene solvate).
Thorough drying of the solid under vacuum at 60° gave a sharp
melting point of 114-115°; [a]24D —22.4° (¢ 1.0, CHC13), —43.0° (c

-2e. To a stirred suspension of 0.76 g (20.0 mmol) of LiAIH 4

I. 0, THF), -64.0° (c 1.0, EtOH); ir (KBr) 3392 (NH), 3500-3100

(br, OH), 1330,1155 cm- 1 (CS02); uv and nmr same as above.

Anal. Calcd for CieH jsN203S: C, 60.36; H, 5.70; N, 8.80.
Found, C, 60.42; H, 5.48; N, 8.75.

l-p-Toluenesulfonyl-1,2,3,4-tetrahydroquinoline  (5a). An
85% yield was obtained by tosylating 4a: white solid; mp 95-96°
(lite mp 93-94°) recrystallized from EtOH (2 ml/g); ir (KBr)
1345, 1155 ¢cm-: (CS02); uv max 200 nm (end absorption), 208 (t
11, 200), 219 sh (4600), 253’ (5830); nmr (CDCI3) 6 1.62 (p, J =
Hz, 2, C-3 methylenes), 2.34 (s, 3, TSCH3), 243 (t,J = 6 Hz, 2,
C-4 methylenes), 3.78 (distorted t, J = 6 Hz, 2, C-2 methylenes),
6.9-7.9 (m, 8, aromatic).

l-p-Toluenesulfonyl-1,2,3,4-tetrahydroqumaldine  (5b). A
72% yield was obtained by tosylating 4b: white solid; mp 84-85°
recrystallized from EtOH (2 ml/g); ir (KBr) 1337, 1155 cm-1
(CS02); uv max 200 nm (end absorption), 250 (c 9320); nmr
(CDCI3) b 1.26 (d, 3 = 6.5 Hz, 3, CH3), 1.1-2.6 (m, 4, C-3, C-4
methylenes), 2.35 (s, 3, TsCH3), 4.38 (sextet, J = 6.5 Hz, 1, C-2
methine), 6.9-7.9 (m, 8, aromatic).

Anal. Calcd for Ci7H19NO2S: C, 67.75; H, 6.35; N, 4.65. Found:
C,67.67;H, 6.35; N, 4.50.

Benzole]-4-p-toluenesulfonyl-l,4-diazabicyclo[3.1.1Jhept-6-
one (Lactam 3). To 0.89 g (50.0 mmol) of acid Ic in 3 ml of dry
CsHsN cooled to 5° was added 2.10 g (11.0 mmol) of TsCl. After
being stirred for 15 min, the solution was poured over 10 ml of ice
and H20 and filtered to give 1.27 g (80.9%) of yellow solid, mp
110-130° (lactam 3). Acidification of the filtrate to pH 2 with 10%
H2S04 gave 0.35 g (21.1%) of pink solid, mp 100-130° (tosyl acid
2c). The lactam 3 product was triturated with 10 ml of 1 N
NaOH and filtered to give 1.13 g (72.0%) of yellow solid, mp 180-
200°. Recrystallization from EtOH-CHCI3 (50 ml/g, 2:1) gave
white crystals of constant mp 213-214°: ir (KBr) 1690 (C=0),
1345, 1165 cm-1 (CS02), neither OH nor NH; uv max 200 nm
(end absorption), 223 (« 24,300); nmr (CDCI13) b 2.42 (s, 3,
TsCH3), 3.35-4.65 (m, 3, NCH2 and NCH), 7.1-8.3 (m, 8, aro-
matic).

Anal. Calcd for Ci6Hi4N203S:
Found: C, 61.21; H, 4.53; N, 8.80.

Hydrolysis of Lactam 3. Lactam 3 (0.16 g, 0.51 mmol) was re-
fluxed for 5 hr in 10 ml of 1 N NaOH. After clarification with
Norit and Celite, the solution was acidified with 6 N HC1 and fil-
tered to give 0.08 g (47.3%) of tan solid, mp 168-172°. This was
recrystallized from MeOH-H20 (¢ ml/g, 2:1) to constant mp
188-190°, identical with acid 2c by ir and mixture melting point.

iV-(2-Nitro-4-bromophenyl)-a-alanine (8). This was prepared
in 35% yield from «-alanine and 2,5-dibromonitrobenzene by the
procedure reported previously:s for its isomer, and was recrystal-
lized from CeHs (40 ml/g).

(S) -8: mp 165-167° -ir (KBr) 3380 (NH), 1717 (C=0),
cm-1 (CBr); uv max 204 nm (t 13,300), 239 (37,500), 274 sh
(9100), 432 (8380); [0]24d +16.3° (¢ 1.0, THF).

Anal. Cqglcd for CoHo9oNz204Br: C, 37.39; H,
Found: C, 37.75; H, 3.16; N, 9.60.

(RS)-8: mp 165-167° (lit..7 mp 162-164°); ir, uv, and nmr same
as above.

3-Methyl-7-bromo-3,4-dihydro-2(IH)-quinoxalinone (9). This
was prepared from s in 73% yield by SnClz2 reduction and in se%
yield by Raney nickel catalytic reduction as reported previouslyis
for its isomer and was recrystallized from CH CI3-ligroin (20 ml/g,
1:1).

(S)-9: mp 169-171°; ir (KBr) 3350 (NH), 1670 (C=0), 560 cm"1
(CBr); uv max 225 nm (e 43,700), 274 (3570), 316 (4484); nmr

C, 61.13; H, 4.49; N, 8.9l

3.14; N, 9.69.

)
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(CDCI3-DMSO-d6 1:1) 6 1.34 (d, J = 7 Hz, 3, CHJ), 3.30 (brs, 1,
NH), 3.86 (g, J = 7 Hz, 1, NCH), 5.64 (br s, 1, COHN), 6.5-7.0
(m, 3, aromatic); [a]2*d +52.9° (c 1.0, THF).

Anal. Calcd for C9HON20Br: C, 44.84; H, 3.76; N, 11.62.
Found: C, 44.77; H, 3.60; N, 11.70.

(i?S)-9: mp 163-164°; ir, uv, and nmr same as above.

Anal. Found: C, 44.88; H, 3.75; N, 11.73.

2-Methyl-6-bromo-1,2,3,4-tetrahydroquinoxaline (10). This
was prepared in 56% yield by LiAIH4 reduction of 9 by the proce-
dure reported previously!5 for its isomer and was recrystallized from
ligroin (50ml/g).

(S)-10: mp 124-125.5° ir (KBr) 3330, 3380 (NH), 566 cm*“1
(CBr); uv max 222 nm (i 39,700), 265 (6140), 322 (3860); nmr
(CDCI3-DMSO0O-d6, 1:1) 5 1.16 (d, J = 6 Hz, 3, CH3), 2.60-3.50
(m, 3, NCH and NCH2), 5.06, 530 (2 br s, 2, NH’s), 6.25-6.57
(m, 3, aromatic); [a]24D+ 14.3° (c 1.0, THF).

Anal. Calcd for COHNN2Br: C, 47.60; H, 4.88; N, 12.33. Found:
C, 47.63; H, 4.77; N, 12.03.

(ES)-10: mp 154-155°; ir, uv, and nmr same as above.

Anal. Found: C, 47.47; H, 4.82; N, 12.43.

1.4-
line. This was prepared in 90% yield from 10 by the procedure re-
ported previouslyl5 and was recrystallized from ligroin (40 ml/g).

(S): mp 143-144°; ir (KBr) 1650 (C=0), 595 cm“1 (CBr); uv
max 232 nm (i 21,000), 258 (11,300); nmr (CDC13) 5117 (d, J =
6.5 Hz, 3, CH3), 2.17, 2.24 (2 s, 6, COCH3), 2.98 (2 d, Jvic = 6 Hz,
«gem = -12 Hz, 1, NCH2 ax), 4.4-5.3 (m, 2, NCH, NCH2 eq),
7.1-7.8 (m, 4, aromatic); [a]24D +95.9° (c 1.0, THF).

Anal. Calcd for Ci3H15N202Br: C, 50.18; H, 4.86; N, 9.00.
Found: C, 49.90; H, 4.85; N, 9.03.

(RS): mp 157-159°; ir, uv, and nmr same as above.

Anal. Found: C, 50.39; H, 4.53; N, 8.96.

2-Methyl-1,2,3,4-tetrahydroquinoxaline (la). Catalytic re-
duction of 2-methylquinoxaline27 in 95% EtOH over 10% Pd/C
catalyst gave (iiS)-la (82%), which was recrystallized from lig-
roin (20 ml/g) to constant mp 70-71° (lit.15-28 mp 70-71°; lit.29
mp 71° 1it.30 mp 72°); nmr (CDC13) 5 1.12 (d, J = 6 Hz, 3, CH3),
292 (2 d, Jvic = 8 Hz, Jgem = -11 Hz, 1, NCH2 ax), 3.26 (2 d,
Jvic —3 Hz, Jgem = -11 Hz, 1, NCH2 eq), 3.42 (m, 1, NCH), 3.47
(s, 2, NH'’s), 6.52 (m, 4, aromatic).

(S)-la. This was prepared in 68.6% yield by catalytic hydroge-
nolysis of the bromo group of 2-methyl-6-bromo-I,2,3,4-tetrahy-
droquinoxaline (10) by the procedure reported previously:15 mp
90-90.5°% [a]24n +60.0° (c 1.0, THF), -6.1° (c 1.0, CHC13), -35.8°
(c 1.0, EtOH); ir, uv, nmr, and analyses have been reported pre-
viously.15

4-Acetyl-2-methyl-1,2,3,4-tetrahydroquinoxaline (6a). Ac20
(1 ml, 10 mmol) was added dropwise with shaking to 0.26 g (1.76
mmol) of la. The solid dissolved with evolution of heat and then
reprecipitated, giving 6a (93% yield), which was recrystallized
from CHCI3-ligroin (45 ml/g, 1:2) to constant melting point.

(RS)-6a: white solid; mp 175-177°; ir (KBr) 3310 (NH), 1620
cm“l (C=0); uv max 224 nm (t 25,400), 246 sh (15,200); nmr
(CDC13, 100 MHz) 5 1.18 (d, 3 = 6 Hz, 3, CH3), 225 (s, 3,
COCHD3), 2.96 (2 d, Jvic = 8 Hz, Jgem = —12 Hz, 1, NCH2 ax),
356 (m, 1, NCH), 4.10 (br's, 1, NH), 4.35 (2 d, J = 4 Hz, Jgem =
-12 Hz, 1, NCH2 eq), 6.4-7.2 (m, 4, aromatic); decoupling of the
multiplet at $3.56 collapsed the methyl doublet at $1.18 into a
singlet.

Anal. Calcd for C11H14N20: C, 69.45; H, 7.42; N, 14.72. Found:
C, 69.68; H, 7.52; N, 14.89.

(S)-6a: mp 202.5-204.5% H 24d -177° (c 1.0, CHC13), -141° (c
10, THF), -122° (c 1.0, EtOH); ir, uv, and nmr same as above.

Anal. Found: C, 69.34; H, 7.39; N, 14.67.

14- Diacetyl-2-methyl-1,2,3,4-tetrahydroquinoxaline (7a).
solution of 0.11 g (0.74 mmol) of la in 1.0 ml (10 mmol) of Ac20
was allowed to stand at room temperature for 24 hr. Excess Ac20
was destroyed by addition of 1.5 ml of H20, and evaporation of
the solvents under vacuum (40°) gave a 93% yield of the product
which was recrystallized from ligroin (75 ml/g).

(RS)-7a: mp 141-143° (lit.24 mp 138-139°); ir (KBr) 1650 cm™1
(0=0); uv max 226 nm (e 23,200), 251 (12,300); nmr (CDC13, 100
MHz) 51.13 (d, J = 6 Hz, 3, CHJ), 2.16, 2.20 (2 s, 6, COCH3), 2.82
(m, 1, NCH2 ax), 4.90 (m, 2, NCH and NCH2 eq), 7.25 (m, 4, ar-
omatic); decoupling of the multiplet at 54.90 collapsed the meth-
yl doublet at 51.13 into asinglet.

(S)-7a: mp 143-144°; [<924d +127° (¢ 1.0, CHC13), +133° (c 1.0,
THF), +138° (c 1.0, EtOH); ir, uv, and nmr same as above.

Anal. Calcd for Ci3Hi6N202: C, 67.22; H, 6.94, N, 12.06.
Found: C, 67.23; H, 6.90; N, 12.13.

1.4- Dibenzoyl-2-methyl-I1,2,3,4-tetrahydroquinoxaline  (7b).

Diacetyl-2-methyl-6-bromo-1,2,3,4-tetrahydroquinoxa-
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To 0.13 g (0.88 mmol) of la suspended in 5 ml of 10% NaOH was
added dropwise with shaking 0.5 ml (0.61 g, 42 mmol) of
PhCOCI. The solution was diluted with 5 ml of H20, cooled, and
filtered to give 0.30 g (95.8%) of white solid, which was recrystal-
lized from EtOH (15 ml/g).

(JiS)-7b: mp 186-187° (lit4 mp 187°); ir (KBr) 1640 cm”!
(C=0); uv max 200 nm (end absorption), 219 sh (f 19,800), 270
(10,400); nmr (CDC13) &1.29 (d, J = 6 Hz, 3, CH3), 348 (2 d, J\W&
= 6 Hz, Jgem = -13 Hz, 1, NCH2 ax), 4.56 (d, Jvic = 6 Hz, Jgem
= -13 Hz, 1, NCH2 eq), 5.06 (p, 1, NCH), 6.83 (m, 4, Qx aro-
matic), 7.45 (m, 10, Ph aromatic).

Anal. Calcd for C23H20N202: C, 77.51; H, 5.66; N, 7.86. Found:
C, 77.53; H, 5.63; N, 7.84.

(S)-7b: mp 186-187°; M 24d +144° (¢ 1-0, CHC13), +123° (c 1.0,
THF), +123° (c 1.0, EtOH); ir, uv, and nmr same as above.

Anal. Found: C, 77.17; H, 5.61; N, 7.67.

(JR)-I-p-Toluenesulfonyl-2-hydroxymethyl-1,2,3,4-tetrahy-
droquinoxaline Methanesulfonate [(/?)-11], To a stirred, cold
(-5°) solution of 0.5 ml (0.75 g, 6.5 mmol) of MsClI in 2 ml of dry
C5H5N was added dropwise over 0.2 hr a solution of 0.68 g (2.14
mmol) of alcohol (R)-le in 3 ml of dry C5H5N. After being stirred
for 3 hr while cold, the solution was diluted with 30 ml of ice-
water and cooled, causing a red oil to separate out. The solution
was acidified with HC1 and extracted with CHC13. The CHC13
extracts were dried (MgSCh), treated with Norit and Celite, con-
centrated to 4 ml, and diluted with 2 ml of ligroin to give 0.17 g
(20.1%) of white solid, mp 129-131°, [a]24n -30.4° (c 1.0, CHC13).
Recrystallization from CHCI3ligroin (20 ml/g, 2:1) gave white
solid of constant mp 136-137°; [a]24D -34.3° (c 1.0, CHC13),
—40.7° (¢ 1.0, THF), -60.7° (¢ 1.0, EtOH); uv max 200 nm (end
absorption), 215 (e 30,900), 239 (16,200), 310 (1880); ir and nmr
same as (RS)-11 reported previously.18

Anal. Calcd for Ci7TH20N20sS2: C, 51.50; H, 5.08; N, 7.07.
Found: C, 51.42; H, 4.94; N, 7.16.

1 -p -Toluenesulfonyl-2-methyl-I,2,3,4-tetrahydroquinoxaline

(2a). (RS)-2a. A 60% yield was obtained by tosylating la: white
solid; mp 146-147°, recrystallized from EtOH (15 ml/g); ir (KBr)
3390 (NH), 1330, 1160 cm”1 (CS02); uv max 215 nm (e 25,000),
244 (13,000), 311 (3260); nmr (CDC13) 5 1.00 (d, J = 6 Hz, 3,
CHB3), 2.34 (s, 3, TsCH3), 2.78 (t, J = 2.5 Hz, 1, NCH2 ax), 291
(t, 3 = 25 Hz, 1, NCH2 eq), 3.65 (m, 1, NH), 4.15 (m, 1, NCH),
6.36-7.77 (m, 8, aromatic).

Anal. Calcd for Cj6HisN202S: C, 63.55; H, 6.00; N, 9.26.
Found: C, 63.58, H, 5.93; N, 9.04.

(S)-2a. A. By Reduction of the Mesylate (fi)-1l. A solution of
0.09 g (0.227 mmol) of mesylate (R)-11 and 0.04 g (1.0 mmol) of
NaBHi in 2.5 ml of THF was refluxed for 4 hr. After cooling, the
solution was diluted with 0.25 ml of H20 and 1 drop of 6 AT
NaOH. The layers were separated; the organic layer was dried
(MgSOi) and evaporated under vacuum (30°) to give 0.08 g of
clear oil. Crystallization of the oil from 0.25 ml of EtOH gave 0.04
g (58.4%) of white solid, mp 112-114°. Recrystallization from
EtOH (15 ml/g) gave white solid of mp 115-117°; [a]24D —38.0° (c
10, THF), -62.2° (c 1.0, EtOH); identical by ir and mixture
melting point with (S)-2a obtained by directly tosylating (S)-2-
methyl-1,2,3,4-tetrahydroquinoxaline  [(.S)-la] by method B
below.

(S)-2a. B. By Tosylation of (S)-2-Methyl-1,2,3,4-tetrahydro-
quinoxaline. Tosylation of (S)-la gave (S)-2a in 59.5% yield as a
white solid which was recrystallized from EtOH (15 ml/g) to con-
stant mp 116.5-117°; M 24d -37.4° (c 1.0, THF), -60.6° (c 1.0,
EtOH), -32.7° (c 1.0, CHC13); uv max 215 nm (e 18,000), 243
(9390), 312 (1970); ir and nmr same as for (RS)-2a.

Anal. Found: C, 63.73; H, 6.05; N, 9.25.
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The preparation and pyrolysis of 2-tert-butyl-5-ethylidene-1,3-dioxane-2-d are described. A negative isotope
crossover experiment and a deuterium kinetic isotopic effect are in favor of an intramolecular isomerization in-
volving a concerted 1,5-hydrogen shift. Some conclusions on the transition state are discussed.

We have shown that unsaturated acetals undergo two
types of thermal cleavage depending on the location of the
double bond.2 The acetals of type 1 derived from allylie
alcohols cleave thermally to give allylic esters 3 and ole-
fins 4. On the other hand, those acetals 2 derived from
a,)S-unsaturated aldehydes fragment to vinyl ethers 5 and
saturated aldehydes 6.

Both cleavages can be described as retro-ene reactions33
or retrograde J2ff2s + T2S cycloadditions in which a het-
eroatom is involved. For acyclic acetals, the results of ki-
netic studies in the gas-phase pyrolysis3b (first-order ki-
netics with a negative activation entropy) unambiguously
support a concerted [1,5] sigmatropic hydrogen migration.
The structures of cleavage products are in agreement with

such a mechanism. The experimental data available to
?ate SlE) gest that a six-membered transition state (such as
a0r7 3 is involved in the thermolysis.

7a, R = 0-alkyl; R' = H, alkyl
b, R = H; R' = O-alkyl

Insofar as acyclic acetals are concerned, there is no ste-
ric restriction to such a transition state. In cyclic acetals,
such as 5-alkylidene-1,3-dioxanes 8, the concerted [1,5]
sigmatropy, as proposed above, imposes considerable
strain on the less favored4 boat conformer 9. Dreiding



Thermal Isomerization of 5-Alkylidene-1,3-dioxanes

The Kinetic IsotopicEa!?elgtlin the Pyrolysis of 18

‘----- Deuterium content, % ------ n
Starting Recovered

Conditions of dioxane dioxane Ester kH/Kjyb

pyrolysis* 18, D, 18, Dr 20 at 510°
510, 45 sec, 50% 36.4 49 4 28.5 2.3
510, 45 sec, 45% 20.6 30.9 12.4 3.9

° Temperature (°C),,gontact time in seconds, total con-
version of the labeled 1 . bSee Experimental Section.

models of this conformation show that the migrating hy-
drogen atom is positioned 3 A away from the migrating
terminus. Indeed, cyclic acetals 8 also undergo thermal
cleavage reaction but require higher temperatures.

In these cases, the cleavage reaction does not involve a
fragmentation, but an isomerization of the acetals 8 to
yield the corresponding acyclic esters 1 Therefore the
pressure-increase technique we employed for acyclic ace-
tals to follow the kinetics was not adequate.35

These problems prompted us to undertake some experi-
ments related more specifically with the hydrogen transfer
itself, using both a 2-proteo- and a 2-deuterio-5-alkylidene-
dioxane 8. , . i
Syntehesm of  2-tert-Butyl-5-ethylidenedioxane-2-d.
The general procedure for the synthesis of 5-alkylidene-
dioxanes has been described by us previously.7 In the

resent case, the key intermediate was pivalaldehyde-I-d
F( i which was prepared by a sequence of deuterium in-
corporation steps as shown in Scheme I; the processes and
the conditions were those of Seebach for the synthesis of
benzaldehyde-1-d.8 Condensation of 15 with diol 16 gave
acetal 17, which was pyrolyzed at such a temperature that
the retro-Diels-Alder reaction of 17 took place without
causing the rearrangement of dioxane 18. The deuterium
incorporation as measured by means of a nmr integration
was 72% both in aldehyde 15 and dioxane 18.

Scheme |

17 18

Rearrangement of 5-Alkylidenedioxanes. rirst of an,
our aim was to prove the intramolecular [1,5] shift of the
hydrogen atom at the C-2 position in the isomerization of
8 to 10. For this purpose, we have chosen to examine the
possibility of an isotope crossover in the thermolysis of a
1:1 mixture of deuterated dioxane 18 and an undeuterated
analog, 2-ethyl-5-ethylidene-1,3-dioxane (19). The choice
of dioxanes 18 and 19 is dictated by the requirement that
the rates of isomerization of both compounds are compa-
rable so that such an experiment is meaningful and valid.
In Scheme Il, conditions of the pyrolysis and results are
summarized, from which a number of conclusions can be
obtained.

J. Org. Chem., Vol. 39, No. 5, 1974 641

Scheme 11

20(51%)°

23

“ Deuterium incorporation in parentheses. “ Conversion of the
dioxanes: 75 £ 5%.

(1) The undeuterated dioxane 19 isomerizes exclusively
to (2-methylene)butylpropionic acid ester (23) in which no
deuterium is incorporated as shown by the nmr spectrum;
in other words, compound 22 has not been found in the
reaction mixtures.

(2) The deuterium in the products is found exclusively
in the pivalate 20 and is specifically located at the C-3
position in the alkyl chain. Together with the above fact,
the results indicate that each dioxane has undergone an
intramolecular [1,5] hydrogen migration.

(3) The recovered dioxane 18 shows an nmr pattern for
the ethylidene group identical with that of the starting
material; no dioxane 21 has been detected in the reaction
mixture. This fact suggests that the rearrangement is irre-
versible. This conclusion is to be expected since the
AAiP298 (dioxane 18-ester 20) is calculated9 to be ~16
kcal/mol in favoT of the ester, which, furthermore, pos-
sesses a higher entropy factor at 550°.

(4) The deuterium content of ester 20 amounts to only
51% while the percentage of deuterium in the recovered
dioxane 18 rises to 94%. This enrichment reveals a signifi-
cant first-order deuterium isotopic effect which is in
agreement with the conclusion obtaiped so far.

Beuterium Kintic: Isotopic ERECE n order o esti-
mate the deuterium Kkinetic isotopic effect in the rear-
rangement, dioxane 18 with lower deuterium contents was
pyrolyzed alone in the gas phase. From the experimental
results, the deuterium kinetic isotopic effects kHjkQ were
calculated; they are summarized in Table |I. The scatter
in these values arises mainly from uncertainty in the con-
version of the ratio of 18. The observed value of 3 + 1 at
510° for kH/k D is in the range reported for other [1,5] hy-
drogen migrations having a highly symmetrical transition
state,10'11'12 although the large uncertainty precludes defi-
nite conclusions about the geometry of the transition state
for the pyrolysis of 18.

Conclusion

In summary, our observations on the thermal rearrange-
ment of dioxanes of type 8 have shown that the reaction is
intramolecular (lack of crossover), that it involves a spe-
cific [1,5] hydrogen shift with double-bond migration,56 and
that the hydrogen shift occurs in the slow reaction step.

These experimental data are characteristic for a con-
certed [1,5] sigmatropic reaction. Recent mechanistic pro-
posals for the retro-ene reaction13 have underlined the lin-
ear (coaxial) relationship of the hydrogen and the atoms
between which it is transferred in the transition state. For
5-alkylidene-1,3-dioxanes, a bicyclic transition state 24,
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arising from a boat conformation 9, would be required.
Such a structure is highly strained, but, in view of the
large activation barrier involved in the reaction, the ge-
ometry of 24 may be attainable.

Experimental Section

The fractional distillation and the preparative glc techniques
used are the same as earlier.2 The infrared spectra were taken as
liquid films. Nmr spectra were taken at 60 MHz in carbon tetra-
chloride with TMS as internal standard.

2-tert-Butyl-1,3-dithiane (12). The compound was prepared
according to Seebach’s general procedure.8 Starting from 162 g
(1.5 mol) of 1,3-propanedithiol and 129 g (1.5 mol) of pivalal-
dehyde there was obtained 167 g (64%) of distilled dithiane 12: bp
115° (14 mm); n40D 1.5305. The colorless liquid crystallized on
standing: mp 37.5°; ir 2980, 2910, 1500, 1350, and 900 cm-1; nmr 1
H singlet at b 8.08, 9 H singlet at 5 2.27.

2-iert-Butyl-1,3-dithiane-2-d (14). was prepared according to
Seebach’s general procedure.8 Starting from 156 g (0.89 mol) of
12, 144 g (92%) of, 14 was obtained, ir new bands at 1015, 1030,
and 742 cm-1. The nmr integration of the singlet at + 8.08, when
compared to the other signals, shows an isotopic mixture contain-
ing 72% of 2-iert-butyl~I,3-dithiane-2-d (14).

Pivalaldehyde-lI-d (15). In a three-necked reaction vessel
(thermometer, stirrer, and condenser), 144 g (0.82 mol) of di-
thiane 14, 150 ml of water, 1200 ml of dioxane, 445 g of mercuric
chloride, and 161 g of mercuric oxide8 were heated to gentle boil-
ing under nitrogen. The orange slurry turned white and the solu-
tion became green. After 4 hr the condenser was replaced by a
distillation column. The distilling pivalaldehyde 15 was collected
in a trap cooled to -5°. The collected mixture (76 g) contained
the aldehyde and small amounts of water and dioxane. The dis-
tillate was washed twice with water and dried over calcium chlo-
ride to give aldehyde 15 (64 g), which still contained a trace of
dioxane. The overall yield calculated from starting pivalaldehyde
was 49.5%. The ir spectrum of 15 was similar to that of undeuter-
ated aldehyde with additional bands at 2140, 2100, 1255, 1120,
1060, and 855 cm-1- In the nmr spectrum, the integration of pro-
ton H-I at 6 9.4 was compared to that of the tert-butyl protons at
b 1.17 and showed an isotopic content of 70-75% of pivalaidehyde-
I-d (15).

2-fert-Butyl-5-ethylidene-I,3-dioxane-2-d (18). The acetal for-
mation and the procedure of retrodienic pyrolysis have been de-
scribed previously.7 The nmr spectra of the undeuterated species
18 have also been described.4 Integrations of the signals between 6
3.75 and 4.18 (3 protons OCH2 plus H-2 protons) and the signal of
the singlet at b 0.92 (9 tert-butyl protons) showed that the isotopic
mixture 18 contains 72% of dioxane-2-d.

Thermal Isomerization of Dioxane 18. The pyrolysis tech-
nique, the synthesis, and data of compounds 19 and 23 have been
described elsewhere.2 The isotopic mixtures 18 with different deu-
terium contents were obtained by mixing the deuterated 18 (deu-
terium content 72%) with undeuterated 18. The conversions were
calculated after calibration of the glc chromatograms with pure
samples of dioxanes and esters on two different columns (SE-30
and Reoplex on Chromosorb W-HMDS). The isotopic effect has
been calculated as follows.

Let asH, arH and asD, arD be the concentrations of the start-
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ing and recovered proteo and deuterio dioxanes, respectively. The
measured total conversion x relates these quantities as follows.

arH + arD = (1 —YXaJH + asD) 1)
The kinetic isotope effect is given by eq 2.14

kn = logCarH/alJ) 2
ko log(a,D/asD)
The measured deuterium contents Ds and Dr (Table I) are re-

lated to the ratio of the starting and recovered deuterio and pro-
teo dioxanes in thefollowing way.

Ds _ash _ . Q,
100-D s asH ts \
Dr arb
- @
100 —Dr aH

By replacing the parameters in eq 1 with their equivalent
values in eq 3 and 4, the following relations are obtained.

oy 1T )
oD 1+1/4

am " T-X) 1414 ®)

Thus kn/kD in eq 2 can be computed from the experimental
dataX, Ds, andDr,

2-Methylenebutyl-3-a’-pivalic Acid Ester (20). The ir was
similar to that of the undeuterated butyl ester with additional
bands at 2300, 2100, 1015, and 815 cm-1. The deuterium amount
is calculated by nmr; the integration of the CH2 quartet of the
butyl group at 6 2.1 is compared to that of the OCH2 at 54.48 or
the methylene at 64.92.
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Attempted dichlorination (with SO2CI2) of the a-carbon atom of either dibenzyl sulfoxide or benzyl phenyl
sulfoxide led only to cleavage of the carbon-sulfur bond. Dibenzyl sulfide could be dichlorinated at the a posi-
tion, but treatment of benzyl phenyl sulfide with 2 equiv of S02CI12 gave carbon-sulfur bond cleavage. Several
a,«-dichlorobenzyl benzyl sulfoxides were made from the corresponding sulfides by oxidation with peracid. Re-
duction of a,a-dichlorobenzyl benzyl sulfoxide (2a) to a mixture of diastereomeric a-chlorobenzyl benzyl sulfox-
ides was carried by (a) (Me2N)sP in aqueous solvents and (b) chromous ion in aqueous solvents. Variations in
the ratios of diastereomers obtained were studied as a function of solvent and reducing agent. Little variation in
product ratios was observed with (Me2N)3P but product ratios in the reduction of 2a with chromous ion varied

agreat deal.

In the past few years, a number of reports dealing with
a-halo sulfoxides have appeared. Up until recently, these
compounds were relatively unknown; now there exist a
number of methods for their synthesis.2 Since the sulfinyl
group is capable of asymmetry, many of these «-halo sul-
foxides [e.g., RIR2CXS(0)R 3] are diastereomeric (and/or
optically active) and therefore an added structural feature
is naturally present.

A number of workers have observed that «-chlorination
of sulfoxides may stereoselectively lead to one of two
possible diastereomeric a-chloro sulfoxides.3 Fur-
thermore, «-chlorination of sulfides followed by oxidation
also may give a-chloro sulfoxides with a high degree of
stereoselectivity.2'1 We sought an alternate and perhaps
complementary synthetic pathway to the stereoselective
synthesis of a-chloro sulfoxides based on reductions of
a,a-dichloro sulfoxides. Analogy for such a reaction can be
found in the reductions of a-halo sulfones.4

Results and Discussion

We tried two principal routes into a,«-dichloro sulfox-
ides: dichlorination of sulfoxides and dichlorination of sul-
fides followed by oxidation to the desired sulfoxides. Of
these methods, only the latter was successful.

Initially, we attempted to synthesize «,«-dichlorobenzyl
phenyl sulfoxide. However, attempted dichlorination of
either benzyl phenyl sulfide or benzyl phenyl sulfoxide by
the usual procedures5 led only to cleavage of the benzylic
carbon-sulfur bond. Monochlorination of either benzyl
phenyl sulfide or benzyl phenyl sulfoxide to give the cor-
responding «-chlorination products proceeds in high
yields. However, treatment of these a-chloro sulfides or
sulfoxides with an additional 1 equiv of chlorinating agent
(e.g., sulfuryl chloride) under a variety of conditions in-
variably led to cleavage products (benzal chloride) and no
a,a-dichlorobenzyl phenyl sulfide or a,a-dichlorobenzyl
phenyl sulfoxide were observed. It appears that one of the
driving forces for cleavage of the carbon-sulfur bond is the
increased stability of the benzylic cation possessing an a-
chlorine atom.6 As evidence of this, dichlorination of p-
nitrobenzyl phenyl sulfide and p-cyanobenzyl phenyl sul-
fide (but not the corresponding sulfoxides) followed by ox-
idation with m-chloroperbenzoic acid (MCPBA) led to the
p-nitro-«,«-dichlorobenzyl phenyl sulfoxide and p-cyano-
«,a-dichlorobenzyl phenyl sulfoxide, respectively, in good
yields. Unfortunately, these compounds were extremely
difficult to handle owing to their sensitivity to moisture
and protic solvents. The chemistry of these sulfoxides will
be the subject of a separate article.

The proposed mechanism for a-chlorination of sulfides56
suggests that cleavage products and a-chloro sulfides re-

sult from competitive second-order reactions of the inter-
mediate chlorosulfonium ions (i) with chloride ion. The
scheme we propose combines certain ideas previously pre-
sented.5 This scheme explains why cleavage becomes
more favored when an «-chlorine atom is already present,
since the resulting carbonium ion will be more stable.6
Nucleophilic displacement on the «-carbon atom in i by
Cl- 5 seems less likely since the a-chlorine atom should
retard the Sn2 reaction.7

Cl c
Cl ci- | +1
I | XV* PhCCI=SR *-»- PhCCISR —- PhCCIZSR
PhCHSR a

.+ \?=fc [PhCHCI + CISR] — "m PhCHCI, + CISR
j 4 slow

The aryl-substituteddibenzyl sulfides (1) could be di-
chlorinated andoxidized to the«,«-dichlorobenzylbenzyl
sulfoxide (2) in good yields (eq 1). Little carbon-sulfur

0
(ArCH.)0S ~ =rmeeeeee ArCCLSCH.Ar
2. MCPBA
la, Ar = CJL 2a, Ar - CaH5
b, Ar = p-CHX&H4 b, Ar = p-CHAH,

¢, Ar = p-ClC&H4
d, Ar = p-NOZXgH4

¢, Ar = p-ClCaH4
d, Ar = p-NOZgH4

bond cleavage was observed in this system in contrast to
benzyl phenyl sulfide (vide supra). This in part may be
due to the instability of benzylsulfenyl chloride (which
would be formed on cleavage) compared to benzenesulfen-
yl chloride.8 Although the basis for this instability of al-
kylsulfenyl chlorides (cf. arylsulfenyl chlorides) is kinetic in
nature, their thermodynamic stabilities may well parallel
the kinetic stabilities.8 Attempted chlorination (with
S0O2ClI2) of a-chlorobenzyl benzyl sulfoxide to give the
known9 dichloro sulfoxide 2a instead gave a mixture of at
least five different products (benzal chloride was a major
constituent), none of which was 2a. Such behavior is not
surprising in view of the ease with which chlorination of
sulfoxides can lead to carbon-sulfur bond cleavage in the
cases where relatively stable carbonium ions (PhCHCI+ in
this case) can be formed.10

A study was made of the reduction of the dichloro sulf-
oxide 2a to the monochloro sulfoxides 3a and 3b with sev-
eral reducing agents: hexamethylphosphorous triamide
[(Me2N)3P], chromous chloride, and tri-n-butyltin hy-
dride. Tri-n-butyltin hydride was used only in one experi-
ment. Owing to the thermal instability of 2a, the reaction
was carried out below room temperature under uv irradia-
tion. The reaction proved to be slow even with 1 M tri-n-
butyltin hydride in tetrahydrofuran (THF), and work-up
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[3a/3Db] [3a/3b]
Aqueous solvent + 5% Adqueous solvent + 5%
100% EtOH 1.00 70% Dioxane 0.83
100% t-BuOH 0.71 46% Dioxane 0.67
90% DMF 0.48 90% EtOH 0.69
90% HMPT 0.65 80% EtOH 0.77
90% THF 1.00 100% EtOHA4 1.00
90% Dioxane 0.77 90% THF6 0.91
80% DMF 0.59 90% HMPTG6 1.40
70% DMF 0.67 90% DMF6 1.11
80% Dioxane 0.77

aWithin experimental error these ratios showed no
changes over the temperature range of 25-65°,. 61.0 M in
LiCIOi.

was complicated by the presence of unreacted tri-n-butyl-
tin hydride _and tri-n-butyltin chloride. However, the re-
duction of 23. unger the§6 conditions did proceed to give

ca. a 70% yield of d and in aratio of 3:1, respectively.
(Me,N)J o
2a —f - > PhCHCISCH,Ph 2

\n-BusnH f 3a + 3b

The chloro sulfoxides 33. and 3b have been reported pre-
viously (although their configurations have not been as-
signed) and have the following physical properties: a, mp
113-113.5°, nmr (CDCIg) signal at 5 5.22 for the methine
proton,2m 3b, mp 117-118.5°, nmr (CDCI3) signal at 5
5.45 for the methine proton.2{

The reaction of |a with (Me2N)3P was run under a vari-
ety of conditions in gop of realizing a large variation in
the product ratio, a§6 However, employing a large
number of different solvent and reaction temperature con-
ditions had little marked effect on the product ratios.
gn% r the conditions employed (see Table I), the ratios of

a. %varied from ca. 0.5to 1,4.

The effect of added lithium perchlorate was negligible
in 90% ethanol and 90% THF solvents, but the salt ap-
peared to cause a significant change in the product ratios
in the dipolar aprotic solvents dimethylformamide (DMF)
and hexamethylphosphoric triamide (HMPT) (Table I).

The pathway for reduction of 2a by (Me2N)3P appears
closely related to analogous reductions observed in the
reactions of 5-halo sulfones with triphenylphosphine4-11
and in the debromination of bis(a-bromobenzyl) sulfoxide
with (Me2N)3P to give diphenylthiirane 1-oxide and
(Me2N)3PBr2.13 These reactions involve intermediate
carbanions which can undergo portonation (leading to re-
duction products4-12) or lose halide ion.13

The «-sulfinyl carbanion has been of keen interest late-
ly both from a theoreticall4 and experimentall8 stand-
point. At the initiation of this work, we felt that a solvent
study such as that described above would lead to more in-
sight into the nature of the a-sulfinyl carbanion. However,
it is now clear that the stereochemical fate of the a-sulfin-
yl carbanion is solvent dependentl6 and that the small
variation we observe (Table 1) in the product ratios can
easily be accounted for in terms of asymmetric solvation
of the intermediate carbanions.17

A more interesting result was obtajned in Be chromous
ion (Cr2+) reductions of at give éa and § (Table I1).
The reaction of Cr2+ with £d in aqueous solvents ap-

eared tg take place instantly. The monochloro sulfoxides
ga and 3b could be further reduced to dibenzyl sulfoxide,
although at a rate significantly slower than that obgserved
for the reduction of Zd. The monochloro sulfoxides Jd and
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[3a/3b] [3a/3b]
Aqueous solvent + 50~ Adqueous solvent 5%*“
90% EtOH 38 90% DMSO 1.0
80% EtOH 66 90% HMPT 5.4
90% MeOH 32 90% DMF 2.5
90% THF 30 80% DMF 6.3
90% Dioxane 30 70% DMF 12
80% Dioxane 48

aWithin experimental error, these ratios showed no
change over the temperature range of 25-65°. Added
lithium perchlorate (up to 2 M) also had no apparent effect
on these ratios in 90% DMF, 90% dioxane, and 90% eth-
anol solutions.

3b did not undergo reduction by Cr2+ at the same rates;
so care was taken to ensure that reduction of %a proceeded
only as far as to give the monochloro sylfpxides d and %T)

It is clear from Table Il that the gaﬁ'ﬁ) ratio varies sig-
nificantly with solvent conditions. In particular, use of
90% aqueous dipalar aprotic solvents (DMSO, DMF, and
HMPT) gave a/(és ratios of ca. 1-5 whereas 90% aqueous
ether and alcohol solvents gave Bajéb ratios of ca. 30.
Furthermore, increasing the per cent of w Er in all solu-
tions led to a marked increase in the 33/% ratio. Again
the product ratios showed essentially no change over a 40°
temperature range or any change upon added lithium per-
chlorate.

A number of studies have been made on the reduction
of alkyl halides with chromous ion.18 These reactions are
believed to involve several steps: a slow abstraction of a
chlorine atom (in RC1) by Cr2+ to give [CrCl]2+ + R-, fol-
lowed by a rapid coupling of R- with another Cr2+ to give
[RCr]2+, and finally a slow protonolysis of the C-Cr bond
to give RH + Cr3+. This last step occurs with retention of
configuration19 and can be followed spectrophotometrical-
iy.2°

We briefly examined the question of whether we ob-
served the intermediate 4 in the reaction of 2a with Cr2+
and found that on mixing of a solution of 2a with Cr2+, an
appreciable absorbance was observed at 365 nm. The ab-
sorbance decreased with time, and a plot of log (A - A,)
vs. time gave a linear plot, indicating that first-order Ki-
netics was being observed. This observation is consistent
with results from Kinetic studies of similar reactions.23

The product-determining step in the reaction of 2a with
Cr2+ would appear to be the coupling of the benzylic radi-
cal PhCCIS(0)CH2Ph with a chromous ion1821 to give 4
(actually a set of diastereomers). It seems unlikely that
the change in solvent has an appreciable effect on the
conformation of the intermediate radical. However, the
chemical nature of chromous ion probably is sensitive to
solvation effects,21'22 and therefore a change in solvent is
likely to lead to a significant change in reactivity.

o}

I
PhCCISCH.Ph
I '

Cr24

4
Experimental Section

Melting points were taken on a Mel-Temp apparatus and are
uncorrected. The nmr spectra were recorded on a Varian Asso-
ciates A-60D nmr spectrometer at ambient temperatures. The
spectra were taken in deuteriochloroform with tetramethylsilane
(5 0.00) as an internal standard. The ir spectra of the isolated
compounds were taken in KBr pellets; those spectra of solutions
were taken in carbon tetrachloride solutions. Elemental analyses
were performed by Dr. Franz Kasler and Mrs. Shelesa Brew at
the Department of Chemistry, University of Maryland.



Reduction of Dichlorobenzyl Benzyl Sulfoxide

Attempted Syntheses of «,a-Dichlorobenzyl Phenyl Sulfox-
ide. To a solution of 1 g (5.0 mmol) of benzyl phenyl sulfide in 10
ml of carbon tetrachloride was added dropwise (at room tempera-
ture) 1.5 g (11 mmol) of sulfuryl chloride in 2 ml of carbon tetra-
chloride. The course of the reaction was monitored by nmr spec-
troscopy, which showed that the benzyl phenyl sulfide was
smoothly converted by the first equivalent of sulfuryl chloride to
a-chlorobenzyl phenyl sulfide. An nmr spectrum of the reaction
mixture taken after all the sulfuryl chloride solution had been
added showed that a significant amount of benzal chloride (ben-
zylic proton located at S 6.6) and a smaller amount of benzyl
chloride (benzylic proton located at d 4.5) had been formed. The
carbon tetrachloride was removed by rotary evaporation and the
oil was dissolved in 10 ml of dry methylene chloride. To this mix-
ture was added 1.0 g (5.0 mmol) of m-chloroperoxybenzoic acid
(MCPBA). The reaction mixture was stirred for 10 min and then
washed with dilute sodium bicarbonate. The solution was dried
(MgS04) and the solvent was removed by rotary evaporation. An
ir spectrum showed the absence of any appreciable absorption in
the region of 1050-1100 cm-1, where the S-0 stretching frequency
for sulfoxides is found.23 Variations in reaction times and temper-
atures as well as solvents (DMF, methylene chloride, and sulfo-
lane were used) still led to no observable amount of a,«-dichlo-
robenzyl phenyl sulfoxide.

Attempts to chlorinate a-chlorobenzyl phenyl sulfoxide2f
(which can be made in nearly quantitative yield by the mono-
chlorination of benzyl phenyl sulfoxide) with sulfuryl chloride and
pyridine2®in several solvents (DMF, methylene chloride, and sul-
folane) gave only cleavage products24 and recovered starting ma-
terial.

a-Chlorination of Benzyl Phenyl Sulfides Containing Elec-
tron-Withdrawing Groups. To a solution of 1.0 g (4.1 mmol) of
4-nitrobenzyl phenyl sulfide25 dissolved in 20 ml of dry carbon
tetrachloride was added dropwise 1.34 g (9.9 mmol) of sulfuryl
chloride in 5 ml of carbon tetrachloride. After 30 min, the carbon
tetrachloride was removed by rotary evaporation and the oil was
taken up in 20 ml of dry methylene chloride. To this solution was
added, in increments of ca 0.2 g, 0.81 g (4.0 mmol) of 85%
MCPBA. After 5 min, the reaction mixture was washed with
water and 10% sodium bicarbonate solution. The organic layer
was dried (MgS04) and the solvent was removed by rotary evap-
oration. On standing, the oil (1 g) solidified, mp 82-91°. An ir
spectrum of this material showed a sulfoxide band at 1105 cm 1
and no carbonyl band; tic on alumina showed one major and sev-
eral minor spots. Attempts to recrystallize this material from
Skellysolve B-methylene chloride led to considerable decomposi-
tion of the material. When this material was heated in absolute
methanol for a few minutes, methyl 4-nitrobenzoate, mp 94.0-94.5
(lit.26 mp 96°), was isolated when the solution was cooled. Similar
results were obtained when these procedures were attempted with
4-cyanobenzyl phenyl sulfide.

Benzyl a,a-Dichlorobenzyl Sulfoxide (2a). Dibenzyl sulfide
(5.0 g, 23 mmol) was dissolved in 20 ml of dry carbon tetrachlo-
ride. To this solution was added, dropwise, over a 1-hr period, 6.5
g (48 mmol) of sulfuryl chloride in 15 ml of dry carbon tetrachlo-
ride. After the reaction mixture had stirred for an additional 1 hr,
the solvent was removed by rotary evaporation. To the resulting
oil were added 40 ml of dry methylene chloride and, in incre-
ments, 4.7 g (23 mmol) of 85% MCPBA. Five minutes later, the
reaction mixture was washed with two portions' of a saturated so-
dium carbonate solution and dried (MgS04). Rotary evaporation
of the solvent yielded an oil which solidified upon cooling to 0°.
This solid was collected, washed with pentane, and recrystallized
from methylene chloride-Skellysolve B to give 5.0 g (72%) of 2a,
mp 87.0-88.0° (lit.9 mp 86.6-89.5°).

««-Dichloro-4-Methylbenzyl 4-Methylbenzyl Sulfoxide (2b).
In a fashion similar to the procedure given for the preparation of
2a, 2.0 g (8.2 mmol) of bis(4-methylbenzyl) sulfide27 was treated
first with 2.3 g (17.0 mmol) of sulfuryl chloride and then with 1.65
g (8.1 mmol) of 85% MCPBA. The crude product was recrystal-
lized from methylene chloride-Skellysolve B to give 1.5 g (56%) of
the product 2b: mp 106.0-107.0°; nmr 5 2.32 (s, 3 H), 242 (s, 3
H), 3.42 (d, 1 H), 4.10 (d, 1 H, J = 13 Hz), 7.0-7.7 (m, 8 H); ir
1086cm-1(S0O).

Anal. Calcd for C16Hi6C120S: C, 58.71; H, 4.95. Found: C,
58.52; H, 4.98.

4-Chlorobenzyl a,«-4-Trichlorobenzyl Sulfoxide (2c). In a
fashion similar to the procedure given for the preparation of 2a,
5.0 g (18 mmol) of bis(4-chlorobenzyl) sulfide27 was treated first
with 4.9 g (36 mmol) of sulfuryl chloride and then with 3.6 g (18
mmol) of 85% MCPBA. The crude product was recrystallized
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from methylene chloride-Skellysolve B to give 4.1 g (63%) of 2c:
mp 106.5-107.0°% nmr i 342 (d, 1 H), 416 (d, 1 H, J = 13 Hz),
7.1-7.9 (m, 8 H); ir 1087 cm-1(SO).

Anal. Calcd for CwHioCUQOS: C, 45.68; H, 2.74. Found: C,
45.41; H, 2.70.

a,«-Dichloro-4-nitrobenzyl 4-Nitrobenzyl Sulfoxide (2d).
Bis(4-nitrobenzyl) sulfide27 (2.00 g, 6.6 mmol) was dissolved in 50
ml of dry methylene chloride. To this solution was added, drop-
wise, over a 30-min period, 1.84 g (13.6 mmol) of sulfuryl chloride
in 8 ml of dry methylene chloride. Four hours later, the solvent
was removed by rotary evaporation. To the resulting oil were
added 20 ml of dry methylene chloride and, in increments, 1.34 g
(6.6 mmol) of 85% MCPBA. Five minutes later, the reaction mix-
ture was washed with two portions of a saturated sodium carbon-
ate solution and dried (MgS04). Rotary evaporation of the sol-
vent yielded an oil which solidified upon cooling to 0°. This solid
was collected, washed with pentene, and recrystallized from
methylene chloride-Skellysolve B. The yield of 2d was 1.75 g
(68%); mp 123.0-124.0; nmr 53.33 (d, 1 H), 4.07 (d, 1H,J = 13
Hz), 6.9-8.0(m, 8 H); ir 1510 (N02) and 1100cm '1(SO).

Anal. Calcd for CnHjoCDNaOsS: C, 43.20; H, 2.59. Found: C,
43.12; H, 2.64.

Treatment of Dibenzyl Sulfoxide with 2 Equiv of Sulfuryl
Chloride'in the Presence of Pyridine. In 20 ml of dry methylene
chloride was dissolved 3.0 g (13.0 mmol) of dibenzyl sulfoxide,
and the solution was cooled to 0°. To this solution were added
4.05 g (51.2 mmol) of pyridine and, over a period of 1 hr, 3.46 g
(25.6 mmol) of sulfuryl chloride in 8 ml of dry methylene chloride.
Thirty minutes later, the solution was washed with a dilute hy-
drochloric acid solution and a dilute sodium thiosulfate solution
and dried (MgS04). The solvent was removed by rotary evapora-
tion. The nmr spectrum of the resulting oil contained, in addition
to the aromatic region (5 7.1-8.2), a singlet at 5 6.6, corresponding
to benzal chloride, and a multiplet between 5 3,6 and 4.7. The
range of the latter multiplet ruled out the possibility of the pres-
ence of the a,a-dichloro sulfoxide 2a and both of the diastereo-
mers of the a-chloro sulfoxide 3a and 3b. Tic (50% ether-50%
Skelly B) showed that five compounds were present. Nothing fur-
ther was done with this mixture.

Dibenzyl sulfide (5 g, 23.3 mmol) was dissolved in 20 ml of dry
carbon tetrachloride. To this solution was added, dropwise, 3.14 g
(23.3 mmol) of sulfuryl chloride in 8 ml of dry carbon tetrachlo-
ride. After 30 min, the carbon tetrachloride was removed by rota-
ry evaporation. To the resulting oil were added 25 ml of dry
methylene chloride and then, in increments, 4.73 g (23.3 mmol) of
85% MCPBA. Ten minutes later the reaction mixture was washed
with a saturated sodium carbonate solution and dried (MgSO04).
A solid remained after rotary evaporation of the solvent. This was
shown by its nmr spectrum to be benzyl a-chlorobenzyl sulfoxide
(5.3 g, 86%); the two diastereomers 3a and 3b were formed in a
1:1 ratio. Repeated recrystallization of this mixture from carbon
tetrachloride-Skellysolve B led to the isolation of the pure dia-
stereomer 3a, mp 113.0-113.5° (lit.2mmp 112-113°).

The supernatants from the reciystallizations described above
were combined, and out of the resulting solution was isolated the
other diasteieomer 3b, which had mp 117.0-118.5° (lit.2! mp 118.0-
118.5°).

Reduction of Benzyl «,«-Dichlorobenzyl Sulfoxide (2a) with
Hexamethylphosphorous Triamide. General Procedure. The
sulfoxide 2a (0.25 g, 0.84 mmol) was dissolved in 4.0 ml of the
chosen solvent. Reagent-grade solvents were used in every case.
The following solvents were further purified: dioxane (distillation
from sodium), THF (distillation from lithium aluminum hy-
dride), DMSO (vacuum distillation from calcium hydride), and
HMPT (vacuum distillation from calcium hydride). To the solu-
tion were added 0.1 g (1.0 mmol) of triethylamine and 0.14 g (0.84
mmol) of hexamethylphosphorous triamide. After the reaction
mixture had stirred for 15 min, it was poured into 20 ml of water,
and the products were extracted with three 15-ml portions of
ether. The combined ethereal extracts were washed with four
15-ml portions of water and were dried (MgSO04); the solvent was
removed by rotary evaporation. An nmr spectrum was taken of
the mixture, and the ratio of the area of the peaks caused by the
methine protons of 3a and 3b was determined. The monochloro
sulfoxides 3a and 3b were isolated either by crystallization or
chromatography and identified by melting point, mixture melting
point, and spectroscopy (ir and nmr).

Salt Effect Study. In these experiments 0.42 g of anhydrous
lithium perchlorate was added to the reaction mixture, making
the solution 1M with respect to the salt.

Temperature Study. The above procedure was followed except
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that the reaction mixture was held at the specified temperature
(45 or 65°) for the 15-min reaction period.

Test for Epimerization of Benzyl o-Chlorobenzyl Sulfoxide
under Conditions of the Reduction. In 10% Water-90% THF.
To approximate the reaction conditions as closely as possible, it
was assumed that a reduction had proceeded to 50% completion
and that the phosphine and the monochloro sulfoxide were, there-
fore, present in equal concentration. To 13.5 ml of THF were
added 0.40 g of benzyl a-chlorobenzyl sulfoxide (3a), 3b (1.5
mmol), 0.3 g (3.0 mmol of triethylamine, 1.5 ml (1.5 mmol) of a
1.0 m hydrochloric acid solution, and 0.24 g (15 mmol) of hexam-
ethylphosphorous triamide. Portions of 4.5 ml of this solution
were withdrawn after 15 min, 1 hr, and 3 hr; each aliquot was
worked up as outlined in the General Procedure above. Initially
the ratio was 1:>99; i.., diastereomer 3b was not detectable.
This ratio was not observed to change during the 3-hr period.

In 10% Water-90% DMF. The above procedure was repeated
with DMF substituted for THF. After 15 min, the ratio of 3b to
3a was 1:94; after 1hr, the ratio was 1:81; after 3hr, it was 1:38.

Under these conditions, no reduction of benzyl a-chlorobenzyl
sulfoxide occurred.

Test for Mass Loss during the Reduction. In 10% Water-
90% THF. The sulfoxide 2a (0.50 g, 1.68 mmol) was dissolved in
8.0 ml of a 10% water-90% THF solution. To this solution was
added 0.1 g of acetophenone as an internal standard. Four millili-
ters of the solution was withdrawn and worked up as described in
the General Procedure. A pmr spectrum showed the ratio of the
area of the peaks caused by the methylene protons of sulfoxide 2a
to the area of the methyl singlet of acetophenone to be 1.7:1.0. To
the remaining solution were added 0.1 g (1.0 mmol) of triethyl-
amine and 0.14 g (0.84 mmol) of hexamethylphosphorous triamide.
One hour later, this solution was worked up as usual. The ratio of
the total area of the peaks caused by the methylene protons of 2a,
3a, and 3b to the area of the methyl singlet of acetophenone was
1.5:1.0.

Reduction of Benzyl a,a-Dichlorobenzyl Sulfoxide (2a) with
Triphenylphosphine. To a solution of 0.5 g (1.68 mmol) of sulfox-
ide 2a in 25 ml of methanol was added 0.2 g (2.0 mmol) of trieth-
ylamine and 0.52 g (2.0 mmol) of triphenylphosphine. The reac-
tion mixture was held at reflux (65°) for 24 hr; at that time tic
(70% ether-30% Skellysolve B) indicated that all of the starting
material had been reduced. The reaction mixture was poured into
20 ml of water, and the products were extracted with two 20-ml
portions of methylene chloride; the organic portions were dried
(MgS04), and the solvent was removed by rotary evaporation. An
nmr spectrum of the resulting oil indicated that the two a-chloro
sulfoxides 3a and 3b were formed in equal amounts in a clean
reaction. Under these same conditions, hexamethylphosphorous
triamide reacted with 2a in less than 1 min to give 3a and 3b in
the same ratio.

Reduction of 2a with Tri-n-butyltin Hydride. To 0.25 g (0.84
mmol) of the sulfoxide 2a dissolved in 1.5 ml of THF was added
0.50 g (1.74 mmol) of tri-n-butyltin hydride. Nitrogen was flushed
through the system, and the temperature of the solution was kept
between 0 and 25° as the reaction flask was irradiated with uv
light for 4 hr. Tic (70% ether-30% Skellysolve B) at that time in-
dicated that nearly all of the starting material had been reduced.
The THF was removed by rotary evaporation. An nmr spectrum
of the resulting solution showed that the diastereomers 3a and 3b
had been formed in the ratio 3:1. The sulfoxides 3a and 3b were
isolated by. chromatography (silica gel, 10% ether-Skellysolve B
eluent) in 70% yield.

Reduction of 2a with Chromous lon. General Procedure. All
reductions were carried out in a manner analogous to this one ex-
ample. To 9 ml of THF in a three-necked flask was added 0.3 ml
of water. (If a 20% water-80% THF solution were needed, 1.3 ml
of water would be added to 8 ml of THF. Similar adjustments
were made for other solvent systems.) In another flask was dis-
solved 0.25 g (0.84 mmol) of the sulfoxide 2a in 2 ml of a solution
of 10% water-90% THF. Nitrogen was bubbled through both solu-
tions for 5 min. Into the first solution were injected through a sep-
tum 0.7 ml (2.4 mmol) of a2 m aqueous solution of chromium(l1l)
chloride and then, as rapidly as possible, the sulfoxide solution.
The reaction mixture was immediately poured into 20 ml of
water, and the products were extracted with three 15-ml portions
of ether. The combined ethereal extracts were washed with four
15-ml portions of water and were dried (MgS04). After the sol-
vent had been removed by rotary evaporation, an nmr spectrum
was taken of the crude reaction mixture, and the ratio of the
areas of the peaks caused by the methine protons of 3a and 3b
was determined.
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Salt Effect Study. The above procedure was followed with the
following addition. To the chromium(ll) chloride solution was
added 1.06 g of anhydrous lithium perchlorate, and to the sulfox-
ide solution was added 0.21 g of anhydrous lithium perchlorate,
making both solutions 1 M with respect to the salt. These
amounts of lithium perchlorate were doubled when a 2 M solution
was used.

Temperature Study. The above procedure was followed except
that both solutions were heated to the specified temperature (45
or 65°) before they were mixed together.

Dilution Study. In this case, the volume of the chromium(Il)
chloride solution was increased to 60 ml. The sulfoxide was dis-
solved in 2 ml of the solvent as before.

Reduction of Benzyl a-Chlorobenzyl Sulfoxide (3) with
Chromium(Il) Chloride. As described in the General Procedure
above, 0.28 g (1.1 mmol) of a mixture of the diastereomers 3a and
3b was treated with 0.4 mmol of chromium(ll) chloride. The ini-
tial ratio of the two isomers was 0.83:1.0. After the reduction, the
a-chloro sulfoxides which remained (3a and 3b) were in the ratio
of 1.0:1.0.

Treatment of 2a with Potassium Thiophenoxide. To 0.25 g
(0.84 mmol) of sulfoxide 2a dissolved in 15 ml of absolute ethanol
was added 0.25 g (1.68 mmol) of potassium thiophenoxide. The
reaction mixture was heated to 60° for 2 hr. It was then poured
into 20 ml of water, and the product was extracted with three
15-ml portions of ether. The combined ethereal extracts were
washed with water and dried (MgS04). The solvent was removed
by rotary evaporation. A pmr spectrum of the crude product
showed that a considerable amount of starting material was pres-
ent; no peaks occurred between i 5 and 6, indicating that none of
the reduced compound 3 had been formed. (Compounds 3a and
3b were stable under these conditions.) Similar results were ob-
tained in 90% aqueous DMF solvent at 25°.

Registry N o—Ila, 538-74-9; Ib, 13250-88-9; Ic, 23566-23-6; Id,
1835-71-8; 2a, 30505-98-7; 2b, 50323-83-6; 2c, 50323-84-7; 2d,
50323-85-8; dibenzyl sulfoxide, 621-08-9.

References and Notes

(1) National Science Foundation Trainee, 1969-1971.

(2) (@ C. G. Venier, H. H. Hsieh, and H. J. Barager, IIl, J. Org.
Chem., 38, 17 (1973); (b) C. G. Venier and H. J. Barager, lII, J.
Chem. Soc., Chem. Common., 319 (1973); (c) M. Cinquini and S.
Colonna, J. Chem. Soc., Perkin Trans. 1, 1883 (1972); (d) M. Cin-
quini, S. Colonna, and D. Landini, J. Chem. Soc., Perkin Trans. 2,
296 (1972); (e) M. Cinquini and S. Colonna, Synthesis, 259 (1972);
() S. Iriuchijima and G. Tsuchihashi, ibid., 588 (1970); (g) G. Tsu-
chihashi and S. lIriuchijima, Bull. Chem. Soc. Jap., 43, 2271
(1970) ; (h) K. C. Tin and T. Durst, Tetrahedron Lett., 4643 (1970);
(i) S. Iriuchijima and G. Tsuchihashi, ibid., 5259 (1969); (j) R. N.
Loeppky and D. C. K. Chang, ibid., 5415 (1968); (k) M. Cinquini,
S. Colonna, and F. Montanan, Chem. Commun., 607 (1969); (I) M.
Hojo and 2. Yoshida, J. Amer. Chem. Soc., 90, 4496 (1968); (m)
D. L. Tuleenand R. M. White, J. Tenn. Acad. Sci., 42, 111 (1967).

(3) (@ M. Cinquini, S. Colonna, R. Fornasier, and F. Montanan, J.
Chem. Soc., Perkin Trans. 1, 1886 (1972); (b) S. Iriuchijima, M.
Ishibashi, and G. Tsuchihashi, Bull. Chem. Soc. Jap., 46, 921
(1973).

(4) B. B. Jarvis and J. C. Saukaitis, J. Amer. Chem. Soc., 95, 7708

(1973). (Paper Il in the series on Nucleophilic Displacement Reac-

tions on Halogen Atoms.)

(@) D. L. Tuleen and T. B. Stephens, J. Org. Chem., 34, 31 (1969);

(b) G. E. Wilson, Jr., and M. G. Huang, ibid., 35, 3002 (1970).

C. K. Ingold, "Structure and Mechanism in Organic Chemistry,” 2nd

ed, Cornell University Press, Ithaca, N. Y., 1969, p 443.

(7) J. Hine, "Physical Organic Chemistry,” 2nd ed, McGraw-Hill, New
York, N. Y, 1962, p 173.

(8) E. Kuhle, Synthesis, 561 (1970).

(9) L. A. Carpino, t. V. McAdams, Ill, R. H. Rynbrant, and J. W. Spie-
wak, J. Amer. Chem. Soc., 93, 476 (1971).

(10) C. Y. Meyers and G. J. McCollum, Tetrahedron Lett., 289 (1973).

(11) In refluxing methanol, 2a reacts slowly with triphenylphosphine to
give a 11 ratio of 3a:3b; under the same conditions, (Me2N)3P

reacts very rapidly with l1a to give the same 1:1 ratio of 3a:3b. Sim-
ilar results were observed in the reduction of benzotrichloride to
benzal chloride with these phosphines.12

(12) 1. M. Downie and J. B. Lee, Tetrahedron Lett., 4951 (1968).

(213) B. B. Jarvis, S. D. Dutkey, and H. L. Ammon, J. Amer. Chem.
Soc., 94, 2136 (1972).

(14) S. Wolfe, Accounts Chem. Res., 5, 102 (1972).

(15) Recent examples for use in organic synthesis are (a) |. Kuwajima
and Y. Fukuda, Tetrahedron Lett.,, 327 (1973); (b) G. Tsuchihashi,
S. Mitamura, S. Inoue, and K. Ogura, ibid., 323 (1973); (c) G. Tsu-
chihashi and K. Ogura, Bull. Chem. Soc. Jap., 45, 2023 (1972); (d)
C. A. Kingsbury, J. Org. Chem., 37, 102 (1972); (e) T. Durst, R
Viau, R. V. D. Elzen, and C. H. Nguyen, Chem. Commun., 1334

(1971) . For leading references to the stereochemistry of base-cata-
lyzed H-D exchange reactions in sulfoxides, see (f) M. B. D'Ar-
none and J. E Brauman, J. Chem. Soc., Chem. Commun., 399

(5

-~

®

N



Desulfurization of jS-Keto Sulfides

(1973); (9) R Viau and T. Durst, J. Amer. Chem. Soc., 95, 1346
(1973); (h) K. Nishihata and M. Nishio, Tetrahedron Lett., 4839
(1972).

(16) (a) B. J. Hutchinson, K. K. Anderson, and A. R. Katritsky, J. Amer.
Chem. Soc., 91, 3839 (1969); (b) R R Fraser, F. J. Schuber, and
Y. Y. Wigfield, ibid., 94, 8785 (1972).

(17) The ratios presented in Table | are quite reproducible and were
shown not to vary in the presence or absence of triethylamine. The
product sulfoxides 3a and 3b also were shown not to undergo ap-
preciable epimerization under the reaction conditions.

(18) J. R. Hanson and E. Premuzic, Angew. Chem., Int. Ed. Engl., 7, 247
(1968) .

(19) R E Erickson and R K. Holmquist, Tetrahedron Lett., 4209
(1969) .

J. Org. Chem., Voi. 39, No. 5,1974 647

(20) J. K. Kochi and D. D. Davis, J. Amer. Chem. Soc., 86, 5264
(1964).

(21) J. K. Kochi and P. E. Mocaldo, J. Org. Chem., 30, 1134 (1965).

(22) D. G. Holah and J. P. Fackler, Jr., Inorg. Syn., 20, 26 (1967).

(23) The a.a-dichloro sulfoxides have S-0 stretching frequencies near
1100 cm-1, which is ca. 50 cm-1 higher than normal: K. Nakan-
ishi, "Infrared Absorption Spectroscopy,” Holden-Day, San Francis-
co; California, 1962, p 54.

(24) Our results here closely parallel those reported elsewhere.10

(25) W. R Waldron and E. E Reid, J- Amer. Chem. Soc., 45, 2399
(1923).

(26) I. Hellbron, "Dictionary of Organic Compounds,” Vol. 4, Oxford Uni-
versity Press, New York, N. Y., 1965, p 2436.

(27) M. D. Wolfinger, Ph.D. Thesis, Northwestern University, 1968.

Desulfurization of /?-Keto Sulfides and Thiocyanates with
Tris(dialkylamino)phosphinesla
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Tris(dimethylamino)phosphine (4a) desulfurizes /8-keto sulfides to afford a variety of products including ke-
tones and enol ethers. The mechanism probably involves a phosphonium salt. Benzyl thiocyanate was readily
desulfurized by 4a in a complex reaction to afford benzyl cyanide and dibenzyl sulfide as the main products.

The Teaction of trivalent phosphorus compounds with a
wide variety of sulfur-containing molecules has received
considerable attention in recent years, particularly as a
technique for modifying the substrate by extrusion of the
divalent sulfur atom.2 While simple sulfides are inert to
phosphines and phosphites, activated sulfides of type 1
are desulfurized in the presence of triphenylphosphine
and base.3 The reaction is widely applicable to the prepa-
ration of secondary vinylogous amides or enolizable /3-di-
ketones 3. It has been suggested that 1 is first converted to
an episulfide 2 which is then desulfurized.4

o

1, X=0,N- 2 3
Related work has shown that tris(dialkylamino)phos-
phines (4) are particularly useful reagents for smoothly
extruding sulfur from a variety of molecules. These in-
clude disulfides,2 thiosulfonates (RSS02R),5 sulfenyl thio-
sulfonates (RSSS02R),5b thiosulfinate esters [RS(=0)-
SR],6 trisulfides,7 sulfenimides [RSN(C(=0)R)2],8 and
sulfenate esters (RSOR).9
(RNRP
4a, R=CH3
b, R=CH,CH3
The desulfurization reactions are in some cases known
to be two-step processes2 as shown below.

RSXR' + RSP~ ~ RXR" + S=pP~

R

Reactions of /3-Keto Sulfides. If the above pathway
could be used to generate carbanions which fulfilled the
dual role of leaving group and nucleophile, a new proce-
dure for carbon-carbon bond formation would be avail-
able. Accordingly, a number of /3-keto sulfides were pre-
pared and their reaction with tris(dimethylamino)phos-
phine (4a) was examined. Previous work2’5-9 suggested
that the proposed reaction would probably involve a phos-
phonium salt intermediate 5.15a c

O R»
1 |
R— C— C R4SP[N(CH323

Rz

5
To facilitate displacement of the carbanion of 5, a phe-

nyl group was used at R2. It appeared that a benzyl moi-
ety at R4 might encourage easy displacement of tris(di-
methylamino)phosphine sulfide (6). a-Benzoyl-a-phenyl-
methyl benzyl sulfide (7a)10 reacts extremely slowly with
phosphine 4a (in a variety of solvents), giving deoxyben-
zoin (C6H5COCH2C6H5, 9) as the principal product.

When the reaction was carried out in the absence of sol-
vent, the starting materials were consumed in less than 1
hr to give three products as analyzed by quantitative vpc:
I-benzoyl-1,2-diphenylethane (8a, 69%), deoxybenzoin (9,
22%), and tris(dimethylamino)phosphine sulfide (6, 86%).
8a was subsequently isolated in 43% yield.

CA

7a, R=H

b, R=D

o
JK"CeHs ,  crgpp=s
CA
< 6
CA

8a, R—H

b, R=D

It appears that 5 (Ri = R2 = CeHs; R4 = C6H5CH2;
R3 = H) is formed, but that the anion is partially diverted
by proton abstraction to give deoxybenzoin (9). The pro-
ton attached to the a carbon atom in 7a is likely to be the
one abstracted. This was confirmed by isolation of
PhCOCD2Ph after the reaction of keto sulfide 7b with
aminophosphine.

To determine whether alkylative coupling could occur
for a /?-keto sulfide that did not have a benzyl group as
the second substituent on the sulfur atom, a-benzoyl-a-
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Reaction of Tris (dimethylamific) phosphine with /3-Keto Sulfides

oLditui™ material
0]
I 0 0 R
— MCCHRjSCHJSa---- — ------- \ 1 [ 1(CH)2N[P=S
Compd Ki Rj Ra RICCHRICHRj CHHICCHIR Otrer
I& CfiHs cth 5 ceH6 69 (43)6 22 (12)b 86»
cths Cells ch3 31 % 67 B, 14>
y 28»
15 cth 6 H cth s 5 30 47» (CEHEH2 S, 500

* Crude yield (estimated by isolation of product and/or quantitative vpc and nmr of impure fractions) . blsolated pure.' Per

cent of vpc integral trace.

Scheme |

b
CeH
20
CHA S CHs5 + 6
19

phenylmethyl ethyl sulfide (10) was prepared10 and treat-
ed with aminophosphine 4a. Although 1-benzoyl-l-phe-
nylpropane (11) was formed in reasonable yield (Table 1), it
proved difficult to isolate, as it and deoxybenzoin (9) be-
have in a very similar manner on column, thin layer, and
gas chromatography. A third unidentified material 12 also
had very similar chromatographic properties. The fourth
product, irons-l-ethoxy-1,2-diphenylethene (13), gives fur-
ther credence to the carbanion mechanism.11

[(CH3Zips™ \

10

aH W
Clis

In an attempt to simplify the mixture of products
formed in the desulfurization of 10, effects of solvent on
the reaction were considered. It has been reported12 that
C-alkylation of ketonic anions is promoted by the use of
hydroxylic solvents (such as water, polyfluorinated alco-
hols, or phenols). It is unlikely that the proportion of ke-
tone 11 could be increased by the use of such solvents, as
the anion of 14 would become irreversibly protonated, giv-
ing deoxybenzoin as the major product. Polar aprotic sol-
vents, such as N, Adimethylformamide or dimethyl sulf-
oxide, have a tendency to increase the proportion of O-
alkylation.12 Finally, use of volatile aprotic solvents such
as benzene or 1,4-dioxane gives slow desulfurization to
form a product mixture very similar to that obtained by
treatment of /3-keto sulfide 10 with neat aminophosphine.

C&A'- + QH

CHA
17

S-P[N(CH32L

5 cas~ /v @b+ 6
16
0 0

+ @A "H
Hb

It was found that temperature has little effect on prod-
uct distribution; the major effect is on reaction rate. This
observation suggests that the rate-determining step is the
attack of phosphorus on sulfur to give 14, or (less likely)
that this step is fast and that the subsequent reactions of
this intermediate all have similar thermodynamic param-
eters.

To test whether the a-phenyl group is required for
desulfurization to occur, a-benzoylmethyl benzyl sulfide
(15) was prepared13 and treated with aminophosphine 4a
(Scheme 1) to give benzyl sulfide (50%) as the only prod-
uct isolable from the reaction. The reaction was slower
than for the previous keto sulfides; starting material (2%)
was present even after heating for 3 hr at 150°. Acetophe-
none (30%) was the other major product; only a small
amount of I|-benzoyl-2-phenylethane (16, 5%) was pro-
duced.

The observed products (6, 16, and 19) can be rational-
ized (Scheme 1) in a similar fashion as in the reaction of 7
and 10 with phosphine 4a. This would yield 17, the anion
of which would not in this case be expected to attack
starting material displacing benzyl mercaptide ion, since
the more stable deoxybenzoin anion formed from 7a and
10 does not undergo such an intermoleeular reaction. Ke-
tone 20 in fact is not observed in the reaction mixture.14

A plausible source of benzyl mercaptide ion involves an
Sn2 process (Scheme 11) analogous to that proposed for
some reactions of trialkyl phosphites with aromatic thio-
cyanates.15c'd If this type of mechanism were in operation,
mercaptide ion formation should be encouraged by the use
of a d-keto sulfide containing an a-phenyl moiety. Also, if
an ion pair such as 17 were formed, its fate should be simi-
lar to that of the corresponding ion pairs invoked as inter-
mediates in the desulfurization of the a-phenyl-/i-keto sul-
fides 7 and 10. Finally, if phosphorus were attacking car-
bon, a low yield of phosphine sulfide 6 would be expected;
this was, in fact, observed.



Desulfurization of B-Keto Sulfides

Reaction of AminTo%t?wlgsHhines with RSXR
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A direct substitution reaction such as that invoked in
the thiocyanate-phosphine reaction would be encouraged
by the reduction in crowding at the a carbon atom pro-
duced by removal of the phenyl group. Removal of this
group would also increase the activation energy for the at-
tack of phosphorus on sulfur to displace the carbanion of
17, which is less stable than the anion formed from 7a and
10. This is probably the major factor in changing the di-
rection of the reaction. No other compounds could be iso-
lated from the reaction mixture because several of the
products had similar chromatographic properties.

The reaction of S-substituted thioglycollic acid esters
With aminophosphines was also investigated. Ethyl 4-phe-
nyl-3-thiabutanoate (22)16 gave no reaction with neat tris-
(dimethylamino)phosphine (4a), even when a mixture of
the two compounds was maintained at high temperature
for extended periods of time. The lack of reactivity of the
ester can be rationalized by the relatively high pKa asso-
ciated with _:CH2CO02Et (pKa = 24),17 which must be
displaced by phosphine for desulfurization to occur. The
anion of 17 is more stable (pKa = 19),17 and is hence a
better leaving group than the anion that must form from
22. A nucleophilic substitution reaction involving attack
of phosphine on the carbon atom a to the carbonyl group
would be much slower for the ester than for the ketone.18
Thus, the limit of the reaction of aminophosphines with
sulfur-containing molecules emerges (Table Il). Amino-
phosphines will not displace groups with a pXa 2: 20.
Where the pKa is near 20, higher temperatures and neat
reactants are usually required to effect displacement.

Reaction of Thiocyanates. Cyanide ion is similar to
sulfide ion in that it is a good leaving group and nucleo-
phile. It was thus felt that thiocyanates might be convert-
ed readily to nitriles on treatment with an aminophos-
phine. Early reports exist in the literature for the desulfu-
rization of thiocyanates20 and isothiocyanates2l on treat-
ment with trialkylphosphines, although few experimental
data were given. More recently, the reactions of thiocy-
anates with trialkyl phosphites have been studied.15
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: Table I .
Reaction of Benw(\)stnlocyigate with

Aminop Ine
LR -Products, % b
(CsHi- Cetig [(CH,V
Solvent Time,0min  CHIJIS CHZXN N]sP=S
None 40 45 9 32
Acetonitrile 40 42 17 30
Dichloromethane 30 25 22 38
p-Dioxane 60 25 11 41
Benzene“ 130 21 6 28

°Time for the reaction mixture to attain constant com-
position (vpc). bDetermined by quantitative vpc. “Reflux.

Desulfurization accompanied by rearrangement was obser-
ved.18l1 Sheppard obtained evidence that the rearrange-
ment occurs through an ionic pathway and proposed the
following mechanism.155

(RO)P + RSCN (RO)PSR' + RCN
(0 —R*CN
ALK

Pilgram and Phillips, in a detailed study of the reaction
of a number of aryl thiocyanates with trimethyl phosphite,
found that another reaction path is possible.150 Instead of
preferentially attacking sulfur to form intermediate 23,
phosphorus can attack the carbon atom of the thiocyanate
group, displacing a mercaptide ion to give intermediate
24,

-ArSCN  + (CH®)P-

[ArSP(OCH3)f:CN]
3

0 I

|
ArP(OCH32 +

[ArS~(CH)PCN]
24

CHZN ArSCH3 + (CH®)ZPCN

Treatment of benzyl thiocyanate (25) with tris(di-
methylamino)phosphine gave an immediate exothermic
reaction that produced a deep red color, even at room
temperature. Vapor phase chromatography indicated that
the reaction mixture was extremely complex (at least ten
products). Preparative thin layer chromatography yielded
only benzyl sulfide (26) and tris(dimethylamino)phos-
phine sulfide (6) as isolable materials. A large quantity of
brown oil’ was obtained which contained many compo-
nents. Vapor phase chromatography showed that benzyl
cyanide was one of the major products.

The reaction was repeated in a variety of solvents. The
yields of the major constituents of the mixture are shown
below (Table Ill). The rate of formation of the red color
increased with the polarity of the solvent.

If the appearance of the red color is indicative of the
rates of the major reaction pathways, then it would seem
that the mechanism is ionic. A plausible pathway is out-
lined below.

CAHECHBCN — »  CAHECHZSP[N(CH33 - 1
TCN +

I CHTHITN + 6
cth&hZ- + (CN)2

CrHzs + “soN X ON 4+ (CHEHE)?

Benzyl cyanide could be formed by attack of amino-
phosphine on the sulfur atom, followed by attack of the
displaced cyanide ion on the intermediate phosphonium
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ion, in accord with the mechanisms of the other desulfuri-
zation reactions discussed. Attack of cyanide on this phos-
phonium ion may also give some isocyanide; although vpc
did not rule out the presence of this compound, none was
isolated.

If cyanide attacks a second molecule of thiocyanate in-
stead of the phosphonium ion, it could displace mercap-
tide ion. The mercaptide ion could then attack the start-
ing material to give either the observed sulfide or benzyl
disulfide. Again, vpc did not rule out the presence of di-
sulfide, but it was not isolated from the reaction mixture;
if formed, it would be desulfurized by aminophosphine to
give benzyl sulfide.2

Attack by 4a on the carbon atom of the thiocyano group
is also possible.150 Such an attack would lead to displace-
ment of mercaptide ion, which could react with 25 to give
benzyl sulfide.

Experimental Section22

Action of Tris(dimethylamino)phosphine on /3-Keto Sulfides.
a-Benzoyl-a-phenylmethyl Benzyl Sulfide. A. In the Presence
of a Solvent. Refluxing a solution of a-benzoyl-a-phenylmethyl
benzyl sulfide (7a, 0.318 g, 1.0 mmol) and tris(dimethylamino)-
phosphine (4a, 0.16 g, 1.0 mmol) in benzene or 1,4-dioxane (1
ml) for 8 hr gave small amounts of deoxybenzoin (9) as the major
product (qualitative vpc). A similar result was obtained using di-
chloromethane as solvent, either stirring for 24 hr at room tem-
perature or refluxing for 12 hr.

B. Without Solvent. a-Benzoyl-a-phenylmethyl benzyl sulfide
(7a, 1.00 g, 3.2 mmol) and tris(dimethylamino)phosphine (4a,
0.510 g, 3.2 mmol) were heated on an oil bath at 120°. After 30
min all starting material had been consumed (vpc). The mixture
was then chromatographed on silica gel (60-100 mesh) using hex-
ane (100 ml), hexane-dichloromethane mixtures (9:1, 100 ml; 4:1,
100 ml; 3:2, 500 ml; 1:1, 500 ml) and dichloromethane (100 ml) as
eluents. The fractions collected were monitored by vpc. Separa-
tions were not completely efficient; combination of the first el-
uents and crystallization from ethanol gave 1-benzoyl-1,2-diphen-
ylethane (8a, 0.39 g, 43%) as colorless needles, mp and mmp
119-120° (lit.23 mp 120-121°). It was identical in all respects
(vpc, tic, ir, nmr) with an authentic sample. A later fraction
was crystallized from aqueous ethanol to afford deoxybenzoin
(9, 0.075 g, 12%), mp and mmp 55-56°, identical in all respects
with an authentic sample.

a-Benzoyl-a-deuteriomethyl Benzyl Sulfide (7b). /3-Keto sul-
fide 7a (2.0 g) was crystallized from deuterioethanol (EtOD) to
which a small piece of sodium had been added. The product was
dissolved in carbon tetrachloride (10 ml); the resultant solution
was filtered and evaporated to give, after crystallization (EtOH),
the title compound 7b (1.4 g, 70%) as colorless needles, mp 73-74°,
and no detectable absorption in the nmr spectrum at b 4.72,
suggesting quantitative deuteration at the a position.

A portion of this material (0.79 g, 2.5 mmol) was mixed with
tris(dimethylamino)phosphine (4a, 0.456 g, 2.8 mmol) and heated
on an oil bath at 150° for 1 hr. The resulting mixture was chroma-
tographed to give (a) I-benzoyl-l-deuterio-l,2-diphenylethane
(8b, 0.389 g, 55%), mp 121-123° after crystallization (ethanol)
(mmp with nondeuterated material 121-122°, identical with 8a by
tic and vpc); (b) C6HS5COCD2C6HS (9, 0.045 g, 9%), mp 47-51°,
pure by tic (CCU) and vpc, containing 80% deuterium at the ben-
zylic position (nmr, CCR); (c) a mixture of these two materials
(0.130 g, tic, vpc); and (d) tris(dimethylamino)phosphine sulfide
(6, 0,340 g, 81%), identified by vpc and nmr.

a-Benzoyl-a-phenylmethyl Ethyl Sulfide. a-Benzoyl-a-phe-
nylmethyl ethyl sulfide (10, 0.128 g, 0.5 mmol) and tris(dimethyl-
amino)phosphine (4a) were mixed and heated on an oil bath for
various time intervals and temperature conditions. Above 120°
using varying molar amounts of phosphine (consumed in ~10
min) virtually constant yields of 9, 11, 12, and 13 were obtained.

The reaction was also examined using benzene, 1,4-dioxane,
and N, N-dimethylformamide as solvents (1 ml) and 1 mmol of
each of the starting materials. Again, yields were approximately
constant with each solvent.

Isolation of Products. a-Benzoyl-a-phenylmethyl ethyl sulfide
(10, 640 mg, 2.5 mmol) and tris(dimethylamino)phosphine (4a,
450 mg, 2.7 mmol) were heated on an oil bath at 150° for 1 hr.
The resulting mixture was chromatographed on silica gel (60-100
mesh, 60 g) using hexane (500 ml) and hexane-dichloromethane
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mixtures (9:1, 21,; 82, 21; 73,111,614, 11; and 55, 11) as el-
uents. The fractions collected were monitored by vpc. Separations
were not completely efficient; however, the first fraction, a color-
less oil (80 mg), was pure by tic (hexane) and vpc; Wx (liquid
film) 2978, 1638, 1604, 1689, 1497, 1452, 1120 (v broad), 925, 772,
and 700 cm”1; nmr gave signals (CCl4) at b 1.8-2.8 (multiplet, 10
H), 3.8 (singlet, 1 H), 6.1 (quartet, 2 H), and 8.7 (triplet, 3 H);
mass spectrum showed P+ at 224. This information indicates that
the material is an enol ether, CeHsCH/CiCsHsIOf"Hs. Identifi-
cation of a band characteristic of trans alkyl enol ethers in the
irl5 at 925 cm-1 suggests that this compound is irons-1-ethoxy-
1,2-diphenylethylene (13, 14%). The second fraction was rechro-
matographed to give a sample of 1-benzoyl-I-phenylpropane (11,
61 mg, 11%) (vpc, tic, nmr); after crystallization (EtOH) mp and
mmp 49-52° (lit. mp 57°,2% 58°24); a mixture of 11 and 12 (160
mg) (vpc, tic) was also obtained. Ketone 11 was also present in
the next two fractions (vpc, tic, nmr). Tris(dimethylamino)phos-
phine sulfide (6, 327 mg, 67%) was isolated in a further fraction
(pure by vpc and tic).

a-Benzoylmethyl Benzyl Sulfide. a-Benzoylmethyl benzyl sul-
fide (15, 2.42 g, 10 mmol) and tris(dimethylamino)phosphine (4a,
1.80 g, 11 mmol) were heated on an oil bath at 150° for 3 hr. The
resulting mixture was chromatographed on silica gel (60-100
mesh) (250 g) using as solvents hexane (1.5 1)), hexane-dichloro-
methane mixtures (1:10, 11; 1.9, 11, 3:17, 11, 1.4, 11, 3.7, 11,
23, 11; 1:1, 11, 7:3, 11), dichloromethane (1 1)), chloroform (1
1), ethyl acetate (1 1), and methanol (1 1.). Efficient separation
proved impossible; however, dibenzyl sulfide (540 mg, 50%) was
isolated as yellow prisms, mp and mmp 47-49°, identical in all
respects (tic in benzene, vpc, ir, nmr) with an authentic sample
of the sulfide.

Further fractions were obtained containing acetophenone, di-
benzyl sulfide, I-benzoyl-2-phenylethane (16),26 starting material,
and traces of other unidentified materials (vpc, tic in cyclohexane
or benzene, nmr).

Tris(dimethylamino)phosphine sulfide (6, 911 mg, 47%) was
isolated in an almost pure state. Large quantities of polar materi-
al containing many unidentified components were also obtained.

Benzyl Thiocyanate. Benzyl thiocyanate (0.149 g, 1 mmol) and
tris(dimethylamino)phosphine (0.163 g, 1 mmol) were mixed. An
immediate reaction ensued, turning the mixture deep red. Mixing
these materials in methylene chloride (1 ml) or acetonitrile (1 ml)
gave a similar result. When benzene (1 ml) was used as solvent
the reaction was much slower; the mixture turned yellow, orange,
then red.

The methylene chloride solution obtained in this manner was
separated into five fractions by preparative tic on silica gel [sol-
vents cyclohexane-ethyl acetate (1:1) and then benzene].

Dibenzyl sulfide, identical with an authentic sample (vpc, tic,
nmr, ir), and tris(dimethylamino)phosphine sulfide (6) (vpc,
nmr) were isolated.

The other three fractions contained many components that
were not identified, as thdy proved inseparable.

The reaction was then repeated in a variety of solvents; the
product mixtures were analyzed for benzyl sulfide, benzyl cya-
nide, and 6 by quantitative vpc, using cumene as an internal
standard. The results of these experiments are summarized in
Table I1I.
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Both 1- and 3-homoadamantanol yield homoadamantane, 1- and 2-methyladamantane, and 1-adamantylcar-
binol in the reactions with 75% sulfuric acid (70°). The mechanism very likely involves formation of the 1- and
3-homoadamantyl cations, followed by hydride transfers and rearrangements of the resulting classical homo-
adamantyl cations into the corresponding bridged cations. A simple, good-yield preparation of 1-homoadamantan-

ol is described.

Reactions with sulfuric acid leading to adamantane de-
rivatives attracted considerable attention in the last few
years.1-8 endo-2,6-Trimethylene-exo-2-norbornanol in sul-
furic acid was reported to rearrange smoothly into 1-ada-
mantanol,1 bicyclo[3.3.1]nonane-2,7-diol into 2-oxaada-
mantane,2 while 3-hydToxymethylbicyclo[3.3.1]Jnonan-7-ol
produced a mixture of 2-adamantanol, di(2-adamantyl) eth-
er, and adamantane.3 2-Hydroxy-2-methyladamantane in
98% sulfuric acid gave various mixtures of methyladaman-
tanones or methyladamantanes and hydroxymethylada-
mantanes depending on the temperature.4 Synthetically
useful reactions are also encountered. Treatment of delta-
cyclane with sulfuric acid gave either 1- or 2-noradaman-
tanol or noradamantane, depending on conditions.® The
reaction of adamantane or l-adamantanol with 96% sulfu-
ric acid (80°) resulted in a 50% yield of adamantanone,6a
providing a very convenient method for the functionaliza-
tion of the methylene position of adamantane. Both ada-
mantanone oxime7 and lactone 4-oxahomoadamantan-5-
one8 with sulfuric acid were reported to give fair yields of
4-hydroxyadamantan-2-one .9

The reaction of adamantanols with sulfuric acid were
extensively investigated by Geluk and Schlatmann.6 2-
Adamantanol was shown to rearrange to l-adamantanol
(>98%) at 28° in concentrated sulfuric acid.8®10 An equi-
librium mixture containing small amounts of 2-adamanta-
nol was rapidly achieved from either direction. However,
with 70% H2S04 (90°) a mixture of 1,4-adamantanediol,
adamantane, I-hydroxy-4-adamantanone, and adamanta-
none was obtained.6l 1-Adamantanol, under essentially
the same conditions, disproportionated into 1,3-adaman-
tanediol and adamantane.60 The mechanism of these
reactions appears to involve an intermolecular hydride
transfer of a bridgehead hydrogen from one molecule of
the starting alcohol to an adamantyl cation which is gen-
erated from another molecule of the alcohol and is trans-
formed into adamantane.11

An analogous mechanism would be reasonably expected
to operate in reactions of homoadamantyl alcohols with
sulfuric acid. However, the 3- and 4-homoadamantyl cat-
ions, if formed, could rearrange into the corresponding
nonclassical cations, which may lead to adamantane de-



652 J. Org. Chem., Vol. 39, No. 5, 1974

rivatives. Such cations were reported to be involved as the
intermediates in the acetolysis of chiral l-adamantylcar-
binyl-1'-d toxylatel2 and the AIBr3-catalyzed rearrange-
ment of homoadamantene.13 Consequently, the product
distribution in the sulfuric acid reaction of homoada-
mantyl alcohols should depend on the relative rates of the
disproportionation reactions us. the rearrangements of ho-
moadamantyl cations.

We wished to compare the reactions of bridgehead ada-
mantanol and homoadamantanols with sulfuric acid under
essentially the same conditions. 3-Homoadamantanol (2)
can easily be prepared,14 but a convenient synthesis15 of
1-homoadamantanol (1) has not been reported according
to our knowledge. As the starting material we chose readi-
ly available I-hydroxy-4-adamantanone (9).6c Diazo-
methane homologation of 9 gave I-hydroxy-4-homoada-
mantanone (10) in a 69% yield (Scheme 1). However, the
Clemmensen and the Wolff-Kishner reductions failed to
give 1 in satisfactory yields. 1-Homoadamantanol (1) was
obtained in a 67% overall yield from 10 by Raney nickel
desulfurization of the corresponding ethylene thioketal

(11)-16

Scheme |

1-Homoadamantanol (1) or 3-homoadamantanol (2) was
stirred vigorously in 75% sulfuric acid at 70° for 3 hr. In
definite time intervals small samples were taken out from
the reaction mixture and analyzed by glc. The final prod-
uct distributions from 1 and 2 were quite similar (Scheme

.

Scheme 11
58 6 40%°
7% 50%b

aThe main products of 1.17 » The main products of 2.17 An
amount of polymer was also formed. The relative amounts of ho-
moadamantane (3), 2-methyladamantane (4), and 1-methylada-
mantane (5) were found to increase with time at the expense of
1-adamantylcarbinol (6).

The methyladamantanes (4 and 5) were identified by
glc using the internal standards; homoadamantane (3)
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and l-adamantylcarbinol (6) were isolated by preparative
glc and identified by comparison of their 44 nmr, ir, and
mass spectra with those of the authentic samples. Ho-
moadamantane (3) and the methyladamantanes (4 and 5)
were proved to be stable under the above conditions. 1-
Adamantylcarbinol (6) was found to be the only alcohol
present in both reaction mixtures on quenching the reac-
tion after 10 min. Upon treatment of 6 with H2S 04 under
the same conditions as used for 1 and 2 the following final
product distribution was obtained: 3, 23%; 4, 3%; 5, 8%;
and unreacted 6, 45%.17

Isomerization of 1 and 2 into 6 is not surprising. The
homoadamantyl skeleton is known to be about 10 kcal/
mol more strained than the adamantyl skeleton18 and,
therefore, 6 should be thermodynamically more stable
than 1 and 2. This is in accord with complete isomeriza-
tion of 3-homoadamantyl acetate into 1-adamantylcarbin-
yl acetate in acetic acid containing p-toluenesulfonic
acid.14 However, under kinetically controlled conditions
homoadamantyl products may be favored. Hydrolysis of
l-adamantylcarbinyl tosylate in aqueous diglyme in the
presence of sodium carbonate produced virtually quanti-
tatively 3-homoadamantanol.14 The mechanism of the
isomerization of 1 and 2 into 6 very likely involves the ini-
tial formation of the 1- and 3-homoadamantyl cations
(Scheme 111), This is probably followed by hydride transfers
resulting in the isomerization of the 1 and 3 cations into
each other and into the 2-, 4-, and 9-homoadamantyl cat-
ions. The 1,2-intramolecular hydride transfers are highly
improbable to occur on the homoadamantyl skeleton.19
As in the case of the adamantyl nucleus20 the relationship
between the vacant p orbital and the migrating hydride is
very unfavorable.

Total amounts of the hydrocarbons 3-5 are quite high
regardless of the starting alcohol. Homoadamantane (3)
can be formed from any homoadamantyl cation by a hy-
drogen abstraction from the products, polymer, or the
starting alcohol. 1-Adamantylcarbinol (6), 1-methylada-
mantane (5), and 2-methyladamantane (4) could be formed
either from the bridged homoadamantyl cations12-14 8 and
7 or from the primary 1- and 2-adamantylcarbinyl cations.
Since simple primary carbonium ions appear to be ener-
getically inaccessible under usual reaction conditions,12-21
we suggest the nonclassical homoadamantyl cations 7 and
8 as the more plausible intermediates (Scheme I11).22

Under essentially the same conditions 1- and 2-adaman-
tanol are known to disproportionate quite easily.63 How-
ever, 1- and 3-homoadamantanol produced neither ho-
moadamantanediols nor homoadamantanones in apprecia-
ble quantities. Therefore, the isomerization of the ho-
moadamantyl cations leading to the adamantyl deriva-
tives seems either to be considerably faster than the dis-
proportionation reactions or the disproportionation prod-
ucts are highly unstable. These products, if formed, would
generate again the homoadamantyl cations. The bridged
3- and 4-homoadamantyl cations appear to be favored
over the corresponding classical cations under the used
reaction conditions. However, the 3-homoadamantyl cat-
ion obtained in superacid solutions at -78° is stable and
does not rearrange.23 Both 1H and 13C nmr spectroscopic
studies indicate the classical nature of this cation. There-
fore, the equilibrium between the classical and the non-
classical 3-homoadamantyl cation should depend strongly
upon the reaction conditions. A similar dependence would
be expected for the 4-homoadamantyl cation.

Experimental Section

Melting points were determined in sealed capillary tubes using
a Thiele apparatus. Infrared spectra were recorded on a Perkin-
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Scheme 111

Elmer M-257 spectrophotometer, 1H nmr spectra on a Varian
A-60A spectrometer, and mass spectra on a Varian CH-7 mass
spectrometer. Purity of compounds was controlled by a Varian
Aerograph M-1800 gas chromatograph.

Authentic samples of 1-methyladamantane,248 2-methylada-
mantane,246 3-homoadamantanol,14 and 1-adamantylcarbinoli4
were prepared according to the published procedures. Homoada-
mantane was obtained by catalytic reduction of homoadaman-
tene.13

I-Hydroxy-4-homoadamantanone (10).25 To a stirred mix-
ture of I-hydroxy-4-adamantanoneéc (16.6 g, 0.1 mol), KOH (60.0
g, 1.07 mol), water (25 ml), and CH30OH (150 ml), a solution of
“Diazald” (45.0 g, 0.21 mol) in CH3OH (360 ml) was added drop-
wise at 0° over a period of 4.5 hr. Stirring was continued over-
night at room temperature. The resulting white-gray suspension
was evaporated to dryness in vacuo, ether (350 ml) and water
(250 ml) were added, the layers were separated, and the aqueous
one was extracted with ether (7 X 100 ml). Combined ether ex-
tracts were dried over MgSCU. The solvent was evaporated to
yield 12.4 g (68%) of 10 (>96% pure by glc): mp 263-265°; ir
(KBr) 3400, 2920, 1690 cm 4; mass spectrum m/e (rel intensity)
180 (M+, 52), 162 (25), 95 (100); tosylhydrazone, mp 156-158°; ir
(KBr) 3420, 3230, 2910,1330,1170cm-1.

I-Hydroxy-4-homoadamantanone Ethylene Thioketal (I1).26
To a solution of 10 (3.6 g, 0.02 mol) in ethanedithiol (3 ml) stirred
at 0° was added boron trifluoride etherate (1.5 ml). The reaction
flask was immediately taken out from the cooling bath and left to
stand for about 10 min at room temperature with occasional
shaking. Methanol (2-3 ml) was added and the reaction mixture
was left overnight in a refrigerator. The precipitate was filtered
by suction, washed with cold CH3OH, and dried: yield 3.9 g
(78%); mp 105-107° (recrystallized from CH3OH); ir (KBr) 3260,
2920, 1445, 1095, 1040 cm-1; mass spectrum m/e (rel intensity)
256 (M+, 100), 196 (77), 105 (43), 95 (43).

1-Homoadamantanol (1). To a solution of 11 (2.7 g, 0.01 mol)
in absolute ethanol (60 ml) was added 24 g of Raney nickel (W-2).
The mixture was stirred and refluxed for 18 hr. Separated nickel
was filtered off and washed with absolute ethanol. The filtrate
was concentrated to a small volume, diluted with water (300 ml),
and extracted with ether (4 X 80 ml). The extracts were dried
and the solvent was evaporated to yield 1.5 g (86%) of 1-ho-
moadamantanol (>98% pure by glc): mp 266-268° (lit.l5 mp
269-270°); ir (KBr) 3300, 2920, 1450, 1080, 1040, 880 cm -1, mass
spectrum m/e (rel intensity) 166 (M+, 33), 95 (100).

Reaction of 1- and 3-Homoadamantanol and 1-Adamantyl-
carbinol with 75% Sulfuric Acid. General Procedure. A solution
of the corresponding alcohol in 75% H2SO4 (0.332 g, 0.002 mol in
2.4 ml) was stirred vigorously at 70° for 3 hr. The reaction mix-

ture was shaken occasionally to introduce sublimed hydrocarbons
into the solution. In definite time intervals small samples of the
reaction mixture were taken out, poured onto plenty of crushed
ice, and extracted with ether. The extracts were dried over anhy-
drous K2CO3 and analyzed by glc (SE-30, 90°). After 3 hr the re-
maining reaction mixture was worked up as described above. The
solvent was evaporated to give 0.169 g of the crude product mix-
ture. The main products (3 and 6) were isolated by preparative
glc (SE-30, 135°) and identified by comparison”™ of their 1H nmr,
ir, and mass spectra with those of authentic samples. The methyl-
adamantanes (4 and 5) were identified by glc (SE-30, 90° and
FFAP, 100°) using the internal standards. Ir spectra of the crude
product mixture showed a very weak absorption corresponding to
a carbonyl group (~1700 cm-1); glc analyses indicated no pres-
ence of adiol.

A sample of 3, 4, and 5 was treated with 75% H2SO4 under the
same conditions as used in the reactions of 1and 2. The glc anal-
yses indicated no reaction.
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Phenylalanine, tyrosine, valine, leucine, and isoleucine have been converted to their IV-(a:-methylcinnamoyl)
derivatives (8). Azlactonization followed by bromine oxidation gave the corresponding unsaturated azlactones
(7). The configuration about the newly formed double bond was established by nmr correlations, the Z configu-
ration being predominant. The mechanism ofthe double dehydrobromination steps is discussed.

The Bergmann reaction,1 in which an iV-(a-haloacyl)-
amino acid (1) is converted by an acetic anhydride-pyri-
dine mixture into a pseudo-azlactone (3), has been known
for many years. Several workers2 have shown that an
equilibrium between 3 and the “unsaturated” azlactone 4
can be established and that the position of this equilibri-

X| R.CHX
NHCOCHR] N~O
R,CH2ZCHCOOH R.CH, 0
1
2
CHR, CHR2
/ \ N~ O
M O A A,
REH2 O RCH

um is determined by the structures of R3 and R2 and the
conditions20-3 under which the reaction is carried out. Our
recent communication4 outlined a procedure making use
of an extension of the Bergmann reaction to produce
“dehydro” amino acid derivatives without the necessity
for equilibration. Treatment of an Arn,/3-dibromoacylami-
no acid (5) in acetic anhydride at room temperature gave,
presumably, the saturated azlactone 6 which was doubly
dehydrobrominated upon the addition of pyridine to give
the unsaturated azlactone 7. It is the purpose of this
paper to describe this work more completely.

Our initial experiments were carried out on the AT-(d1-
erythro-2,3-dibromo-2-methylbutanoyl)-L-phenylalanine
(5a), which was prepared by a Schotten-Baumann acyla-
tion of L-phenylalanine with the dibromoacyl chloride.
The derivative, 5a, was, surprisingly, a sharply melting
crystalline solid, even though it was necessarily a mixture
of diastereomers. We chose this acyl group because it was

readily obtained by bromination of commercially available
tiglic acid and we envisioned a necessity for the a-methyl
group (R3 = CH3) to prevent a possible dehydrobromina-
tion of the 2-dibromoalkyl group in 6 since this would, of
course, disallow the formation of 7. A 93% yield5 of crys-

Br Br Br Br
NHCOC— CHR4 R.O—CHR,
| |
R3 hI’L'O
RjCHCHCOOH
5 RACH 0
6
R,
7
R. % r3 r4
a g * H ch3 ch3
b caH5 H ch3 cth5
¢ P-AcoceHs H ch3 cth5
d ch3 ch3 ch3 ctb
e ch3 chXh2 ch3 QH5
f (CH3ZCH H ch3 cthb
g cthb H H ctb
h ch3 ch3 H ctb

talline 7a was isolated when 5a was dissolved in acetic an-
hydride and treated with somewhat more than 2 molar
equiv of pyridine. In order to confirm the structure of 7a,
it was prepared by Erlenmeyeré condensation of benzalde-
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iV-Acyﬁlarrt%llﬁol Acids*

NHCO H
RCHCHCOOH
R2
8
Compd Mp, °C Yield,6 % Solvent for crystn
gb 154.5-156 90 MeOH-HD (1:1)
C 162-164 72 MEK-petroleum
ether (5:1.5)
gf 115-116 87 EtOAc
d 136-137.5 78 CHCh- petroleum
ether (1:1)
89 95-99 59« EtOAc-petroleum
ether (1:1)
QHC, 198-199.5 75 MeOH-1UO (1:1)
187-188 77 EtOAc
“Satisfactory analytical data (x0.4% for C, H, N)

were reported for all new compounds listed in the table.
(iéield of recrystallized product.cE. Ronwin, J. Org. Chem..,
, 1546 (1953). “Prepared by Mr. Edward Breitholle.

hyde with A-tigloylglycine in 26% yield. The identity of
these two structures not only established the gross struc-
ture of 7a but gave some insight into its configuration and
mechanism of formation in our reaction. The fact that the
configuration of the cis-2-butenyl group at the 2 position
of the azlactone ring was identical in both products indi-
cates that the halogen atoms were eliminated from 6a in
the same trans manner as they were added to the tiglic
acid moiety.

When the same sequence of reactions was carried out
using DL-leucine, an amorphous unsaturated azlactone
was formed. Since we were interested in developing a gen-
eral method of dehydro amino acid synthesis which would
proceed through crystalline intermediates, we changed the
acyl group in 5 to the eo,thro-DL-a-methyl-2,3-dibromohy-
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drocinnamoyl function (R3 = CH3; R4 = Ph). Bromina-
tion of (E)-a-methylcinnamic acid7 gave the dibromo
acids which, after conversion to its acjd chloride, was cou-
pled with DL-phenylalanine giving Sb Treatment of ub
with the acetic—pyri%ine a reagent at room temperature
gav_7 the azlactone in 44% yield. Erlenmeyer synthesis
of b in 30% yield from iV-((E)-a-methylcinnamoyl)gly-
cine confirmed the structure of and again showed that
the configurations of both double bonds in the products of
these two completely different types of reactions were
identical. When the dibromo compound was also treat-
ed with A,A'-dicyclohexylcarbodiimide, a solution of the
intermediate saturated azlactone (0 =0 absorption,
1830 cm-1) was obtained which afforded 7b in 62% yield
when treated with pyridine. This confirmed the formation
of eb and its base-catalyzed dehydrobromination to YBI

An important simplification of the oxidation procedure
was discovered when it was found that a s btion of N -
((E)-a-methylcinnamoyl)-DL-phenylalanine (%j in acetic

Rj

NHCOC=CHR4

1
RCHCHCOOH

R
8

anhydride could be brominated with pyridine perbromide
hydrolE)romide followed by pyridine dehydrobromination to
give in 62% vyield. This procedure removed the necessi-
ty to prepare the dihaloacylamino acids (5) and allowed
the unsaturated azlactones to be synthesized directly from
the easily prepared a-methylcinnamoylamino acids. Using
the appropriate acyl derivatives of tyrosine, valine, isoleu-
cine, and leucine, the azlactones 70'f were also prepared.
We have subsequently found that the a-methyl group in
the cifmamoy} function is unnecessary since the azlact-
ones g and h (R3 = H) could also be prepared by the
direct procedure in acceptable yields. The recrystallized
yields and pertinent physical data for the acylamino

AR

r3

R/\

R

Compd Mp, °C Yield,G%

b 120.5-121 44c
62"
1c 163-165 59+
Tf 83.5-84.5 50"
7d 138.5-140 63"

e 63-67 47

amorphous

%ﬂ 133-134 54+
116-118 24*

R

0

Solvent for crystn Nmr, s
MeOH-HD R2 = 7.04
(3:1)
Benzene-cyclohexane R, = 7.08
(3:2)
j-ProH Z-R2 = 6.38 (0.79 H)
£-R2 = 6.50 (0.21 H)
i-PrOH Z-Ri = 2.32
E-R2 = 2.24
95% EtOH Z-Ri = CH, =2.79
, = CH3 = 2.24
E-RI=Z cH3 = 2.32
R2 = CH, = 2.65
¢-PrOH R2 = 7.08
i-PrOH Z-Ht =2.30
E-R2 = 2.20

« Satisfactory analytical data (+0.4% for C, H, N) were reported for all new compounds listed in the table. 6Yield after
recrystallization.« From the dibromoacyl acid. dFrom the cinnamoylamino acid.ePrepared by Mr. Edward Breitho.le.
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Table 111
Dehydroamino Acid Methyl Esters"
R3 R4
NH— C )= (H

R2
Compd Mp, °C Yield,6 %
10b 128.5-129.5 83
10¢c 109.5-111 52
(Z2)-10f 108-108.5 7
(E)-10f 104-106 57
10d 98.5-99 93
(2)-10e 107-108 62«
(E)-10e 95-96 73«
109 200-201 91
10h 152-153 82

“ Satisfactory analytical data (£0.4% for C, H, N) were reported for all new compounds listed in the

recrystallization. ePrepared by Mr. Edward Breitholle.

acids, unsaturated azlactones, and derived esters are re-
ported in Tables I, 11, and 111, respectively.
Stereochemistry. The configuration of the new double
bond introduced into the carbon chain of the amino acid
by the double dehydrobromination reaction should be es-
tablished if we are to use it later in the synthesis of amino
acid derivatives. In 1971, Brocklehurst9 unequivocally es-
tablished the Z configuration of the 2-phenyl-4-benzyli-
deneazlactone (9) prepared by the Erlenmeyer method,

using X-ray crystallography. As previously mentioned, the
azlactones 7a and 7b obtained by our oxidation method
were identical with azlactones of the same gross structure
prepared by the Erlenmeyer condensation, and should
also have the Z configuration.10 Nmr measurements made
by Brocklehurstti8 in 1968, Morgenstern,108 and Brownllb
on the ester 13 derived from both sterecisomers of 9
showed that a vinylic proton cis to the benzamido func-
tion in 13 is downfield of a proton trans to that function.12
This key piece of information allowed us to assign the Z
configuration to azlactones 7a, 7b, 7c, and 7g and to as-
sign the Z configuration to the predominant isomer (79%)
of 7f formed when leucine was oxidized by our procedure.
We have no evidence of the formation of more than one
isomer when an arylidene azlactone (Ri = Ar) is the prod-
uct, but both isoleucine and leucine afforded mixtures of
isomers which were separable after conversion to the cor-
responding methyl esters (10) by azlactone methanolysis.
Isoleucine gave approximately an equimolar mixture of
the E and Z isomers, while leucine gave a 4:1 Z:E mix-
ture. This is consistent with the hypothesis that the larger

10

Solvent for crystn Nmr, 5
EtOAc-petroleum R2= 7.74
ether (2:1)
CHCI3 R2= 7.48
CCh-hexane (1:1) R2 = 6.51
CCli-petroleum R, = 6.95
ether (1:1)
CCh-petroleum R, = 2.11
ether (1:1) R2=1.84
CC1, hexane (1:1) R, = CH, = 2.49
R2= CH3= 1.86
CCli-hexane (1:1) R, = CH3= 211
R2= CH2-= 2.18
CHCI3 petroleum R2= 7.73
ether (1:1)
EtOAc-petroleum R, = 2.10
ether (3:2) R2= 1.85
table. bYield after

group is favored to take the position cis to the nitrogen
atom in the oxazolone ring (Z configuration). The Z con-
figuration is apparently favored on steric grounds with the
larger group taking the least hindered position as dis-
cussed by Zimmermani3 in connection with the Perkin
condensation. Isoleucine, having two groups, methyl and
ethyl, of approximately the same size, gave about equal
amounts of both isomers.

Table 1V shows a possible correlation between the
change in chemical shift (Av) of the /3-vinylic proton when
the azlactone is converted into the corresponding ester
and the double bond configuration. Compounds having
the Z configuration show a smaller downfield shift than
those having the E configuration in the three cases for
which data are available. It may be possible to make as-
signments on the basis of Av as more of these data become
available. We can assign the shift positions of the methyl
protons in azlactone 7d and the ester 10d formed from va-
line by reference to the elegant work of Brown.and Smale,llb
who deduced the chemical shifts of the methyl protons
in methyl a-benzamido-/?-methylcrotonate. Referring
to the formulas 7d and 1Od, we see that the Av value for

(21DCH NHCO—
CE, (2.24) (1.84) CH;

d 10d

the Z-methyl groupi4 of 7d is -0.21 and that of the E-

methyl group is -0.40. Assuming, then, that an E-methyl
groupl5 will have the larger absolute Av value in 7e, these

COOCH3

Te
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Correlation ofl%%tn/Configuration

r3
N~O “ S
\ —> c- cooch3
R. - f
R2 r2
Configli-

Ri R2 Rj ration Av — l'est Pz Ref
3,4-(CH)2CeHs H céhb z 0.29« 10, 12a
H 3,4-(CH)2CeH3 ct 5 E 0.52¢ 10, 12a
ce 5 H cth 6 Z 0.20* 12a
H CaHs CaH®6 E 0.326 12a
(CH3XH H CeH5CH=C(CH3 z 0.08 c
H (CH3ZXH CHSCH=C(CH3 E 0.40 c
Z-CHS e-ch3 CHELH=C(CH3 Z-CHS-0.21 c

E-CH3 -0.40 c
clv c2h5 CeHsCH=C(CH3J3 E -0.21 c
CTV ch3 CHECH=C(CH3J3 Z -0.30 [

“Ethyl esters. 6Using the centers of broad peaks. cThis work. dPrepared by Mr. Edward Breitholle.

values can be used to assign the configurations of the two
azlactones formed from isoleucine. The isomer of 7e which
shows the larger methyl group Av value of -0.30 should
be the Z isomer (Ri = C2H5, R2 = CH3) and the isomer
having Ai/ = -0.21 can be assigned the E configuration
(Ri = CH3; R2 = C2H5).

Mechanism. The predominance of Z isomers in the
products of the bromine oxidation, except in the case of
isoleucine where Rj and R2 are almost sterically equiva-
lent, indicates that the overall process gives the product
having the most stable double bond (Z configuration) and
is stereoselective rather than stereospecific. Since the
1,4-dehydrobromination should give approximately the
same mixture of pseudo-azlactones no matter what the
sizes of Ri and R2, the second step, which determines the
final configuration and is sensitive to the bulk of Ri and
R2, must also be stereoselective and most probably non-
concerted. The first step is very likely to be of the Elcb
type,16 since the carbanion 11 at C-4 in the azlactone ring
is of considerable stability as evidenced by the well-known
ease of racemization of optically active azlactones.17 The
second step is also likely to be of the same mechanistic
type, since the requisite carbanion 12 would have consid-
erable resonance stabilization. The formation of these sta-
ble carbanions should lead to thermodynamic control of
configuration and an overall stereoselective process.

R, R,
n 12

Experimental Section

General. The nuclear magnetic resonance spectra were record-
ed on a Varian HA-100 spectrometer with tetramethylsilane as
the internal standard and the infrared spectra were obtained on a
Perkin-Elmer Model 257 spectrophotometer as Nujol mulls with
polystyrene as a standard. Melting points were determined on a
Nagle Model Y6 hot stage. Elemental analyses were carried out
by Atlantic Microlabs, Atlanta, Ga.

A'-a-Methylcinnamoyl- and V-Cinnamoylamino Acids (8). A
solution of 50 mmol of the acid chloride in 25 ml of 1,2-dime-
thoxyethane (DME) was added dropwise in 30 min to a solution
of 50 mmol of the amino acid in 100 ml of a 1:1 mixture of DME:
1 N LiOH in a 300 ml three-necked round-bottomed flask equipped
with a magnetic stirrer, delivery funnel, and an electrode at-

tached to a Corning Model 10C pH control unit. The reaction
mixture was maintained at pH 10 by the addition of 1 A LiOH
during the acid chloride addition. After a further 30 min at room
temperature, the reaction mixture was cooled with ice and ad-
justed to pH 1 with concentrated HC1. The white precipitate was
filtered, dried in vacuo overnight, and purified by crystallization.
If a precipitate did not form, the acidic solution was extracted
with three 100-ml portions of ethyl acetate, the combined extracts
were dried (MgS04) and evaporated in vacuo, and the residue
was crystallized.

The yields, melting points, and recrystallization solvents for
these A'-acyl-a-amino acids are given in Table I. Nujol mulls of
these acylamino acids showed major absorption bands in the fol-
lowing spectral regions: 1700-1730 (COOH), 1635-1660 (C=C),
1595-1615 cm-1 (amide 1).

Azlactones (7). To a solution of 10 mmol of the N-acylamino
acid in 10 ml of acetic anhydride containing 6 drops of pyridine,
10 mmol of pyridinium hydrobromide perbromide was added.
After stirring for 15 min, 3 ml of pyridine was added to the light
amber solution and the reaction mixture was stirred for 15 min at
room temperature, during which time pyridine HBr precipitated.
The mixture was poured into 150 ml of an ice-H20 mixture,
stirred for 30 min, and filtered. The solid obtained was crystal-
lized giving the pure products.

The yields, melting points, recrystallization solvents, and nmr
data for these azlactones are given in Table Il. Nujol mulls of
these azlactones showed major absorption bands in the following
spectral regions: 1770-1800 (C=0) with shoulder at 10-20 cm-1
lower frequency, 1645-1665 cm-1 (C=N).

Dehydro Amino Acid Methyl Esters (10). To a solution of 1
ml of 0.5 N sodium methoxide in 50 ml of absolute methanol, 15
mmol of the azlactone was added. After stirring for 30 min at
room temperature, the pH of the reaction solution was adjusted
to 3 with concentrated HC1. The solvent was evaporated in vacuo,
the crude residue was dissolved in 50 ml of ethyl acetate, and the
solution was extracted with two 25-ml portions of H20. The ethyl
acetate solution was dried (MgSCL) and evaporated in vacuo and
the residue was crystallized.

The yields, melting points, recrystallization solvents, and nmr
data for these dehydro A’-acylamino esters are given in Table HI.
Nujol mulls of these esters showed major absorption bands in the
following spectral regions: 1710-1730 (ester C=0), 1650-1660
(C=C), 1615-1645 (C=C), 1600-1625 cm" 1 (amide 1).

Methyl a-((A)-a-Methylcinnamamido)-(2)-/3-isopropylacry-
late [(Z)-10f)]. To a solution of 1 ml of 0.5 N sodium methoxide
in 50 ml of methanol, 2.76 g (10.8 mmol) of crude 7f was added.
After stirring for 15 min at room temperature the pH of the reac-
tion mixture was adjusted to 3 with concentrated HC1. The sol-
vent was evaporated in vacuo, giving a crude mixture which was
dissolved in 150 ml of ethyl acetate and extracted with two 50
ml-portions of H20. The ethyl acetate solution was dried
(MgSO<t) and evaporated in vacuo, giving 2.96 g of a crude mix-
ture of isomers. Crystallization of the mixture from 20 ml of car-
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bon tetrachloride and 26 ml of hexane gave 1.91 g (61%) of (Z)-
IOf, mp 102-106°. Further recrystallization of (Z)-10f from 1:1
carbon tetrachloride-hexane gave an analytical sample: mp 108-
108.5% ir (Nujol) 3230 (NH), 1730 (COOCH3), 1655 and 1640
(C=C), 1615 (amide 1), 1500 cm' 1 (amide Il); nmr (CDCIS) S
7.30 [m, 7H, PhCH=C(CH3)-, NH], 6.51 (d, 1H ,J = 10 Hz, Z
-CH=C<, 3.72 (s, 3 H, COOCH3), 2.65 [m, 1 H, -CH (CH 3)2],

211 [s, 3 H, PhCH=C(CH3)-], 1.04 ppm [d, 6 H, J = 7 Hz,
CH(CH3)2].
Methyl  a-((E)-a-Methylcinnamamido)-(E)-/9-isopropylacry-

late [(JS)-10f]. A 473-mg sample obtained from the mother liquor
of (Z)-10f was chromatographed on a 1.25-cm thick silica gel G
plate by elution with CHC13, giving 214 mg of the crude E isomer,
which was crystallized from 3:2 CCR-petroleum ether (bp 30-
60°), yielding 161 mg of (E)-IOf, mp 103-106°. The analytical
sample was recrystallized from 1:1. CCl4-petroleum ether: mp
104-106°; ir (Nujol) 3310 (NH), 1720 (COOCH3), 1655 and 1645
(C=C), 1610 (amide 1), 1505 cm" : (amide Il); nmr (CDC13) 6 7.86
(broad s, 1 H, NH), 7.31 [m, 6 H, PhCH=C(CH 3)-], 6.95 (d, 1 H,
J =10 Hz, E-CH=C<), 380 (s, 3H, COOCH3), 3.31 [m, 1 H,
CH(CH3)2], 2.10 [s, 3 H, PhCH=C(CH 3)-], 1.06 ppm [d, 6 H, J
= 7Hz, CH(CH 3)2].

Methyl a-((£))-a>Methylemnamamido)-/3-methyl-2-penten-
orate [(£)- and (Z)-10e].18 To a suspension of 2.55 g (10 mmol)
of 7e in 50 m| of methanol was added 1.01 ml of 0.48 N sodium
methoxide and in several minutes the solid dissolved. The reac-
tion course was followed by tic (1:1 ra-hexane-CHCI3) and the
clear solution was acidified with concentrated HC1 to pH 2.5. The
solvent was evaporated in vacuo, the residue was dissolved in
ethyl acetate, and the solution was washed with water, dried
(MgS04), and evaporated in vacuo, giving 2.9 g (100%) of ICe.
Recrystallization from 1:1 CCls-n-hexane yielded 2.46 g (ss%) of
white crystals: mp 82-84°; ir (Nujol) 3275 (NH), 1728 (COOCH3),
1640 (amide 1), 1618 cm*1 (C=C); nmr (CDC13) 1.08 (2 t, 3 H,
CH3CHz2), 1.81 (s, 3 H, CH3CH2(CH3)C=), 2.18 [s, 3 H,
PhCH=C(CH3)-], 2.15-2.6 (m, 2 H, CH2), 368 (s, 3 H,
COOCH3), 7.30 (s, 5H, Ph), 738 (s, L H, PhCH=), 7.97 ppm (m,
1H, NH).

A 600-mg sample of the above product was separated by pre-
parative chromatography using 2.5-mm silica gel plates eluted
with 8.5:1.5 n-hexane-acetone. The plates were developed 13
times yielding two bands at Rf 0.40 and 0.45. Crystallization from
1:1 CCU-re-hexane yielded 219 mg of (E)-10e: mp 95-96° ir
(Nujol) 3238 (NH), 1712 (COOCH3), 1640 (amide I), 1614 cm' 1
(C=C); nmr (CDC13) 1.00 (t, 3 H, CH3CH?2), 2.11 [s, 6 H,
PhCH=C(CH3)-, CH3CH2(CH3)C=], 2.18 (q, 2 H, CH2), 3.69
(s, 3H, COOCHB3), 7.30 (s, 5 H, Ph), 7.34 (s, 1 H, PhCH=), 7.52
ppm (m, 1 H, NH), and 180 mg (Z)-10e: mp 107-108°; ir (Nujol)
3220 (NH), 1717 (COOCH3), 1637 (amide 1), 1612 cm (C=C);
nmr (CDC13) 1.11 (t, 3 H, CH3CH?2), 249 (g, 2H, CH?2), 1.86 [s, 3
H, PhCH=0(CH3)-], 2.12 [s, 3 H, CH3CH2(CH3)C=], 3.72 (s, 3
H, COOCH3), 7.32 (s, 5 H, Ph), 7.36 (s, 1 H, PhCH=), 7.45 ppm
(m, 1H, NH).

(V-(DL-eryi5ro-2,3-1)ibromo-2-methylbutanoyl)-L-pheriylala-
nine (5a). A solution of 9.02 g (54.5 mmol) of L-phenylalanine in
150 ml of 10% sodium bicarbonate in a three-necked flask
equipped with magnetic stirred and delivery funnel was cooled in
an ice bath and 11.75 g (42.5 mmol) of T>L-erythro-2,3-dibionio-2-
methylbutanoyl chloride was added dropwise over a 30-min peri-

od. After stirring for 2 hr, the ice bath was removed and the reac-

tion mixture was stirred for another 3 hr at room temperature.
The pH of the reaction mixture was adjusted to 1 with concen-
trated HC1 and it was extracted with four 150-ml| portions of
ethyl ether. The combined extracts were dried (Na2S04) and the
ether was evaporated in vacuo, giving 15.79 g (90%) of crude 5a.
Crystallization of the crude product from ethyl acetate-petroleum
ether gave 13.84 g (81%) of 5a: mp 116.5-117° ir (Nujol) 3330
(NH), 1715 (C=0), 1655 (amide 1), 1554 cm-1 (amide Il); nmr
(CDC13) 5 1.68 (d, 3 H, CH3CHBr-, J = 6 Hz), 1.88 (d, 3 H,
CHaCHBr-, J = 6 Hz), 1.91 [s, 3 H, -C(CH3)Br'], 1.96 [s, 3 H,
-C(CH3)Br~], 3.20 (m, 4 H, CH2Ph), 558 (m, 2 H, CH3CHBr~),
588 [m, 2 H, -CH(COOH)-], 7.20 ppm (s, 10 H, Ph). Anal. Calcd
for CiaH17No 3Br2: C, 41.30; H, 4.21; N, 3.44 Found: C, 41.48; H,
4.24; N, 3.48.

N-Tigloylglycine. A solution of 3.28 g (27.8 mmol) of tigloyl
chloride (prepared from 5.0 g of tiglic acid using SOCI2) in 20 ml
of tetrahydrofuran was added in 2-m| increments to a solution of
6.45 g (86 mmol) of glycine in 100 ml of 10% aqueous sodium bi-
carbonate solution contained in a separatory funnel. After the
reaction was complete the pH was adjusted to 2 with concentrat-
ed HC1 and the solution was saturated with NaCl and extracted
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with three 100-ml| portions of ethyl ether. The combined extracts
were dried (Na2So4) and the ether was evaporated in vacuo, giv-
ing 2.51 g (58%) of crude product. Crystallization of the crude
product from 1:1 CHC13-CCl4 gave 1.69 g (67%) of N-tigloylgly-
cine: mp 86.5-88° ir (Nujol) 3420 (NH), 1705 (COOH), 1665
(C=C), 1585 (amide 1), 1535 cm-1 (amide IlI); nmr (CDC13) &6.81
(t, 1 H, NH), 6.57 (g, 1 H, vinyl H), 408 (d, 2 H, J = 6 Hz,
-CH2-)>184 (s,3H,CH3-), 1.75 ppm (d, 3H, CH3CH =). Anal.
Calcd for C’HuUN 03: C, 53.49; H, 7.05; N, 8.91. Found: C, 53.52;
H, 7.11; N, 8.91.

1V-((£)-a-Methylcinnamoyl)glycine. A solution of 4.50 g (25
mmol) of (£)-a-methylcinnamoyl chloride in 25 m|l of DME was
added dropwise over a 1-hr period to a solution of 3.78 g (50
mmol) of glycine in 25 ml of 2 N LIiOH and 25 ml of DME in a
1too-ml three-necked flask equipped with a magnetic stirrer and a
delivery funnel. The DM E was evaporated in vacuo and the pH
of the cooled reaction mixture was adjusted to : with concentrat-
ed HC1 and extracted with two 100-ml portions of ethyl acetate.
The combined extracts were washed with two 50 ml-portions of
H20 and dried (Na2So4) and the solvent was evaporated in
vacuo, giving 4.81 g (90%) of 7V-((£)-a:-methylcinnamoyl)glycine.
Crystallization from ethyl acetate gave 4.22 (77%) of white nee-
dles: mp 140-141° ir (Nujol) 3330 (NH), 1755 and 1735 (COOH),
1630 (C=C), 1585 cm-1 (amide I); nmr (TFA) 5 8.00-7.60 (broad
s,1 H, NH), 7.58 (5, L H, PhCH =), 7.37 (s, 5 H, Ph), 445 (s, 2 H,
-CH2), 2.21 ppm (s, 3 H, CH3). Anal. Calcd for Ci2HiaN03: C,
65.74; H, 5.98; N, 6.39. Found: C, 65.51; H, 6.03; N, 6.44.

iV-(DL-eryihro-a-Methyl-2,3-dibromohydrocinnamoyl)-DL-
phenylalanine (5b). A solution of 5.43 g (15.9 mmol) of dr-
eryifcro-2,3-dibromo-2-methyl-3-phenylpropanoyl chloride in 14
ml of DME was added dropwise in 1 hr to a solution of 4.51 g
(32.8 mmol) of DL-phenylalanine in 160 ml| of 5% sodium bicar-
bonate in a three-necked flask equipped with a magnetic stirrer
and delivery funnel. After stirring for 1 hr at room temperature,
the reaction mixture was cooled, its pH adjusted to 1 with con-
centrated HC1, and extracted with three 125-m| portions of ethyl
ether. The combined extracts were dried (Na2S04) and evapo-
rated in vacuo, giving 5.93 g (80%) of 5b as an amorphous solid. A
solution of the amorphous solid in 10 ml of ethyl acetate was
added dropwise to a stirred solution of 3000 ml of petroleum
ether, giving a white precipitate; mp 161-167°; ir (CHC13) 3390
(NH), 1730 (COOH), 1670 (amide I), 1500 cm-1 (amide II).

Methyl a-(Tiglamido)-trans-cinnamate (10a). To a solution of
1 ml of sodium methoxide in 20 ml of absolute methanol 1.36 g
(5.99 mmol) of 7a was added. After stirring for 15 min at room
temperature the pH of the solution was adjusted to 2 with con-
centrated HCl. The solvent was evaporated in vacuo, giving a
crude mixture which was dissolved in 40 ml of ethyl acetate, and
the solution was extracted with two 25-m| portions of H20. The
ethyl acetate solution was dried (MgS04) and the solvent was
evaporated in vacuo, giving 1.46 g (94%) of methyl a-(tiglamido)-
frans-cinnamate, mp 117-119°. Crystallization from 1:2 ethyl ace-
tate-petroleum ether gave 1.36 g (88%) of an analytical sample:
mp 117.5-119° ir (Nujol) 3230 (NH), 1710 (COOCH3Z3), 1658
(C=C), 1620 (amide 1), 1488 cm* 1 (amide IlI); nmr (CDC13) 5 7.50
(s, 1 H, PhCH=), 726 (m, s H, PhCH=, NH), 646 (q, 1 H, J =
7 Hz, CH3CH=), 370 (s, 3 H, COOCH3), 1.81 [s, 3 H,
CH3CH=C(CH3)-], 1.72 ppm (d, 3 H, J = 7 Hz, CH3CH=).
Anal. Calcd for CisH17N03: C, 69.48; H, 6.61; N, 5.40. Found: C,
69.63; H, 6.66; N, 5.33.

2-(cis-2-Butenyl)-4-benzylidene-2-oxazolin-5-one  (7a). A.
From iV-(Dt-{>oihro-2,3-Dibromo-2-methylbutanoyl)-L-phenyl-
alanine (5a). Pyridine (15 ml) was added to a solution of 6.17 g
(15.1 mmol) of 5a in 95 ml of acetic anhydride. After stirring for
30 min at room temperature, the reaction mixture was filtered
and poured into 250 ml of anhydrous ethyl ether. The slurry was
filtered and the filtrate was evaporated in vacuo, giving 4.67 g of
an amorphous solid. Crystallization from 5:1 methanol-water
gave 3.18 g (93%) of 7a, mp 115-116°. Recrystallization from
methanol-water gave an analytical sample: mp 116-116.5° ir
(Nujol) 1785 (C=0), 1650 (C=N), 1620 cm=: (C=C); nmr
(CC14) 58.02 (m, 2 H, ortho H's of Ph), 7.32 (m, 3 H, Ph), 6.96 (s,
1 H, =CHPh), 683 (g, 1t H,J = 6.5 Hz, CH3CH=), 204 [s, 3 H,
-(CH3)C=], 1.90 ppm (d, 3 H, J = 6.5 Hz, CH3CH=). Anal.
Calcd for CiaH13N02: C, 73.99; N, 5.77; N, 6.16. Found: C, 74.07;
H, 5,83; N, 6.20.

B. From )V-Tigloylglycine. A solution of 550 mg (3.5 mmol) of
N-tigloylglycine, 200 mg (2.44 mmol) of fused sodium acetate, 550
mg (5 mmol) of benzaldehyde, and s ml of acetic anhydride was
refluxed for 2 hr. The solvent was evaporated in vacuo, giving an
amorphous solid which was washed with 5% sodium bicarbonate
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and water and crystallized from 6:1 methanol-water giving 417
mg (52%) yellow solid, mp 103-114°. Recrystallization from meth-
anol-water gave 208 mg (26%) of 7a, yellow needles, mp 116-117°,
identical in all respects with product obtained by method A.

C. From Af-Tigloyl-DL-phenylalanine (8a). A 1.31-g (4.12
mmol) portion of pyridine hydrobromide perbromide was added
to a solution of 1.02 g (4.12 mmol) of 8a in 20 ml of acetic anhy-
dride containing ! drop of pyridine. The solution was stirred until
the reddish-brown solution turned canary yellow. Pyridine (3 ml)
was added and the reaction mixture was stirred for 15 min at
room temperature. The slurry was poured into 200 ml of ice and
H20 and the mixture was stirred for 30 min and filtered. The
precipitate was dried in vacuo and the brown solid was crystal-
lized from 1:2 ethyl acetate-petroleum ether, giving 0.63 g (68%)
of 7a, mp 114-115°. Recrystallization from isopropyl alcohol gave
0.50 g (50%) of 7a, mp 116-116.5° identical in all respects with
product obtained by method A.

IV-Tigloyl-DL-phenylalanine (8a). A solution of 249 g (20
mmol) of tigloyl chloride in 20 ml of 1,2-dimethoxyethane (DME)
was added dropwise in 30 min to a stirred solution of 1.67 g (40
mmol) of lithium hydroxide and 6.96 g (42 mmol) of DL-phenylal-
anine in 25 ml of H2D and 20 ml of DME. The reaction mixture
was poured into 100 ml of ice and H20 and the pH was adjusted
to 1 with concentrated HC1. The white precipitate was filtered
and dried overnight in vacuo, giving 3.90 g (75%) of crude 8a, mp
132-134°. Crystallization from 1:1 ethyl acetate-petroleum ether
gave an analytical sample: mp 132-134°; ir (Nujol) 3320 (NH),
1725 (COOH), 1655 (C=C), 1575 (amide I), 1530 cm’ 1 (amide Il);
nmr (CDC13) 7.20 (m, 5 H, Ph), 6.38 (m, 2 H, CH3CH=, NH),
592 (m, 1 H, -CHCOOH-), 319, 322 (9, 2 H, J = 6 Hz
PhCHaHb), 1.72 (s, 3 H, CH=CCH3), 168 ppm (d, 3 H,
CHSCH=). Anal. Calcd for Ci4aHi7NO03; C, 68.00; H, 6.93; N,
5.66. Found: C, 67.86; H, 6.97; N, 5.77.

Preparation of 2-(ciS-I-Methylstyryl)-4-benzlidene-2-oxazo-
lin-5-one (7b). Method A. From 5b. 1. Using Acetic Anhydride
and Pyridine. Pyridine (8 ml) was added to a solution of 2.72 g
(5.8 mmol) of 5b in 45 ml of acetic anhydride. After stirring for 30
min at room temperature, the reaction mixture was poured into
150 ml of an ice-H20 mixture, stirred for 30 min, and filtered.
The yellow precipitate was washed with H20 and crystallized
from 3:1 methanol-water, giving 0.74 g (44%) of 7b: mp 120.5-
121°; ir (Nujol) 1795 and 1775 (C=0), 1645 cm'1 (C=N); nmr
(CDCls) 5802 [m, 2 H, 2,6 H's of Ph (Ri)], 755 [q, 1 H, J = 35
Hz, PhCH=C(CH3)-J, 7.38 [m, 8 H, PhCH=C(CH3)- and Ph];
7.04 (s, 1H, PhCH=), 2.30 ppm (d, J = 3.5 Hz, 3H, CH3). Anal.
Calcd for CwHi5NO02: C, 78.87; H, 5.23; N, 4.84. Found: C, 78.22;
H, 5.18; N, 4.84.

2. Using Dicyclohexylcarbodiimide. A solution of 1.77 g (8.6
mmol) of dicyclohexylcarbodiimide in 20 ml of CH2C12 was added
to a solution of 3.88 g (8.3 mmol) of 5b in 40 ml of CH2C12. After
the reaction mixture was stirred for 3 hr, the dicyclohexylurea
was filtered (1.49 g, 78%) and the infrared spectrum of the filtrate
showed 1830 (C=0), 1785 (C=0), 1655 cm"1 (C=N). Pyridine (4
ml) was added to this solution, which was stirred for 15 min and
evaporated in vacuo, giving a light yellow solid. The solid was
stirred with 100 ml of H20, filtered, and dried in vacuo overnight,
giving 2.71 g of dicyclohexylurea and 7b. Crystallization from iso-
propyl alcohol gave 1.49 g (62%) of 7b, mp 118-120°, spectrally
identical with a sample obtained by method A.

Method B. From (V-((E)-a-Methylcmnamoyl)glycine. A solu-
tion of 5.89 g (26.8 mmol) of N-((E)-a-methylcinnamoyl)glycine,
I. 72 g (18.6 mmol) of fused sodium acetate, 3.84 ml (37.0 mmol)
of benzaldehyde, and 45 ml of acetic anhydride was refluxed for 2
hr. The solvent was evaporated in vacuo, giving an amorphous
solid which was washed with 5% sodium bicarbonate, water, and
methanol, giving a yellow solid which was crystallized from 5:1.5
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methanol-water, giving 2.30 g (30%) of 7b, mp 119-121°, spectral-
ly identical with a sample obtained by method A.

Method C. From iV-((E)-a:-Methylcinnamoyl)-DL-Phenylala-
nine (8b). To a solution of 690 mg (2.23 mmol) of 8b in 20 ml of
acetic anhydride containing 1 drop of pyridine was added 718 mg
(2.24 mmol) of pyridine hydrobromide perbromide. After the
reaction mixture was warmed to 80°, it was cooled to room tem-
perature and 4 ml of pyridine was added. The reaction mixture
was stirred for 10 min at room temperature, during which time a
precipitate formed. The mixture was poured into 100 ml of an ice-
H20 mixture, stirred for 30 min, and filtered. The light yellow
solid obtained was crystallized from methanol and H20, giving
395 mg (62%) of 7b, mp 121-121.5°, spectrally identical with a
sample obtained by method A.

Registry No. 5a, 49659-60-1; 5b, 49659-61-2; 7a, 49659-62-3; 7b,
49659-63-4; 7¢, 49659-64-5; 7d, 49659-65-6; 7e (R, MeZ to N), 49659-
66-7; 7e (R, Me E to N), 49659-67-8; 7f, 49659-68-9; 7g, 49659-69-0;
7h, 49659-70-3; 8a, 49659-71-4; 8b, 49659-72-5; 8c, 49659-73-6; 8d,
49659-74-7; 8e, 49659-75-8; 8f, 49659-76-9; 8g, 49659-77-0; 8h,
49659-78-1; 10a, 49659-79-2; 10b, 49659-80-5; 10c, 49659-81-6; 10d,
49659-82-7;, (Z)-10e, '49659-83-8; (E)-10e, 49659-84-9; (.2)-10f,
49659-85-0; (£)-10f, 49659-86-1; 10g, 49659-87-2; 10h, 49659-83-3;
L-phenylalanine, 63-91-2; DL-eo,thro-2,3-dibromo-2-methylbu-
tanoyl chloride, 49659-89-4; IV-tigloylglycine, 35842-45-6; tigloyl
chloride, 35660-94-7; glycine, 56-40-6; IV-((E)-a-methylcin-
namoyl)glycine, 49659-92-9; (E)-a-methylcinnamoyl chloride,
38449-13-7; DL-eo'ibro-2,3-dibromo-2-methyl-3-phenylpropanoyl
chloride, 49659.-94-1; DL-phenylalanine, 150-30-1; dicyclo-
hexylcarbodiimide, 538-75-0.
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Solid-phase synthesis of Leu-Ala-Gly-Val furnished Leu-Ala-Gly-Gly-Val as a by-product when urethane-pro-
tected amino acids were coupled by the mixed anhydride method. Synthesis of Gly-Val similarly produced Gly-
Gly-Val. Activation of A“-2-(4-biphenylyl)-2-propyloxycarbonylglycine (Bpoc-Gly) with ethyl chlorocarbonate
and triethylamine in methylene chloride formed an intermediate that reacted with Val-resin to yield iV-Bpoe-
N-(Bpoc-Gly)-Gly-Val-resin. Thus, two glycine residues were added during a single solid-phase cycle. Since
Bpoc-Gly-Val-resin was not acylated at the urethane nitrogen by symmetrical or mixed anhydrides of Bpoc-
Gly, by Bpoc-Gly activated with dicyclohexylcarbodiimide, or by leucine-1V-carboxyanhydride, urethane acyla-
tion occurred before the activated intermediate was coupled to the Val-resin. A mechanism for this side reac-
tion is proposed that involves disproportionation of a mixed anhydride of Bpoc-Gly to the symmetrical anhy-
dride, and intramolecular rearrangement of the latter to form Af-Bpoc-N-(Bpoc-Gly)-Gly, which is subsequently
activated by anhydride interchange. Urethane acylation also occurred with Bpoc-alanine as the protected
amino acid, with isobutyl chlorocarbonate as the activating agent, or with IV-methylmorpholine as the base. Al-
though symmetrical anhydrides rearranged slowly, the rate increased markedly on addition of triethylamine
hydrochloride. Rearrangement was dependent on temperature and time of mixed anhydride formation and was
undetectable after activation at -15° for 10 min and coupling at -15° for 2 hr. No urethane acylation (<0.1
mol %) was observed during coupling of Bpoc-Gly activated with dicyclohexylcarbodiimide under standard

Merrifield, Mitchell, and Clarke

solid-phase conditions.

A solid phase synthesis of the model peptide, L-leucyl-
L-alanylglycyl-L-valine, by the mixed anhydride method3-5
produced an undesired by-product. The new substance,
representing over 4% of the total product, did not corre-
spond with any of the di- or tripeptides that might have
arisen by incomplete coupling or deprotection reactions.
Instead, it resulted from urethane acylation. The by-prod-
uct was isolated and identified as Leu-Ala-Gly-Gly-Val.
Some evidence for the mechanism of the acylation reac-
tion has been obtained and conditions by which it can be
avoided have been defined.

Mixed anhydride coupling has been applied in a few in-
stances in solid-phase synthesis6-8 and symmetrical anhy-
drides are finding increased use.9-12 Several side reac-
tions, including urethane acylation, are known to occur
during conventional syntheses in solution with mixed car-
boxylic-carbonic anhydride coupling and have been dis-
cussed in a review by Albertson.13 As far as we know, this
is the first time urethane acylation has been recognized to
have occurred during a solid-phase synthesis with anhy-
dride activation.

Results and Discussion

The initial observation was made following a synthesis
of Leu-Ala-Gly-Val by solid-phase methodsi4 in which
mixed carboxylic-carbonic anhydrides were used in place
of dicyclohexylcarbodiimide for the coupling reactions.
The completed tetrapeptide resin was cleaved with HF
and the crude product mixture was fractionated directly
on a cation-exchange column of an amino acid analyzer as
described elsewhere.15 High loading with the peptide
products gave a very large peak for the desired tetrapep-
tide and allowed a good separation and a sensitive mea-
sure of the various peptide by-products present. A typical
chromatogram is shown in Figure 1. The peaks were iden-
tified and quantitated by comparison with synthetic stan-
dards.

Attempts were made to eliminate or reduce the amount
of the peptide eluted at 189 min by varying the reaction
conditions (Table 1). Changes in the amino-protecting
group, the washing procedure, and the alkyl group of the
chlorocarbonate did not markedly change the quantity of
this unknown peptide, although replacing the hydroxy-
methyl resin by a chloromethyl resin (runs 6 and 7),

Detection of LAGGV after Mixed Anhydride Coupling

Figure 1 Detection of Leu-Ala-Gly-Gly-Val (LAGGV) after
mixed anhydride coupling. Separation was on the long column
(0.9 x 60 cm) of a Beckman 120B amino acid analyzer packed
with AA-15 sulfonated copoly(styrene-8% divinylbenzene) beads.
Elution was at 56°, 66 ml/hr, with pH 3.49 sodium citrate buffer
(0.2 AO. Peptides were detected by the ninhydrin reaction.

which introduced some quaternary ammonium sites, did
cause a moderate increase in the by-product. Examination
of the product distribution resulting from these mixed an-
hydride couplings also shows that, in addition to the un-
known peptide at 189 min, appreciably more deletion pep-
tides were formed under these conditions than were
formed by DCC couplings. The best conditions for DCC
coupling gave less than 0.1% of any of the deletion pep-
tides or of the unknown peptide.

In order to identify the 189-min peptide a preparative
run on the same ion-exchange column was made. A por-
tion (80%) of the column effluent was diverted to a frac-
tion collector while the remainder was passed through the
ninhydrin analytical system of the analyzer. Hydrolysis
and amino acid analysis of the peptide eluted at 189 min
gave Gly, 1.97; Ala, 1.00; Val, 1.04; Leu, 0.85. This result
suggested that 2 mol of glycine had been added during the
first synthetic cycle to subsequently give Leu-Ala-Gly-
Gly-Val. This pentapeptide was synthesized by the usual
solid-phase method using DCC coupling and shown to
elute also at 189 min. Since the isolated by-product from
the mixed anhydride synthesis and the pentapeptide stan-
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Peptides Detected after Solid-Phase SyntheS|s 5 0f Leu-Ala- -Gly-Val under Various Conditions
2

Coupling  ==ss-eeesemeeecececemeeeeeeee Peptide products, mol % e-----------------mmmmnnmnne-

Resin % TFA for Propanol  Activation time, LAGV LAV LGV AGV GV + AV LV LAGGV
Run  derivative®  deprotections6 washesO reagent” min (234) (324) (385) (201) (266) (450) (189)
1 HOCHjR 1,1,1 — EtOCOCI 120 89.7 0.0 1.05 3.00 1.87 0.0 4.45
2 HOCH,R 20,1,1 - EtOCOCI 120 91.9 0.37 0.64 1.57 0.27 0.27 4.98
3 HOCH®R 20,1,1 + EtOCOCI 120 91.4 0.43 0.54 2;19 0.43 0.0 4.02
4 hochZ 20,1,1 - EtOCOCI 5 89.2 0.0 2.09 2.74 0.23 0.0 5.82
5 hoch% 20,1,1 - BmOCOCI 120 92.4 0.0 0.48 2.20 0.0 0.0 4.89
6 CICH2R 20,1,1 + EtOCOCI 120 87.9 0.0 0.22 2.10 1.72 0.0 8.09
7 CICHR 20,1,1 + EtOCOCI 120 90.5 0.0 0.50 2.23 0.23 0.0 6.54
8 cichar 20,1,1 + DCC 120 98.7 0.25 0.0 0.82 0.18 0.0 0.0
9 cich%x 10,10,10 + DCC 120 X 2 99.8 0.00 0.09 0.08 0.05 0.00 0.00

aR represents a copoly (styrene % divinylbenzene) bead. The hydroxymethyl resin was esterified by the N,N'-mcarbonyl-
diimidazole method with Bpoc-Val for run 1 and with Boc-Val for runs 2-5. The chloromethyl resin was esterified by the
triethylamine method with Boc-Val for runs 6-8 and with Bpoc-Val for run 9. bPercentage of TFA tin CH>C1>. used in the
three deprotection steps of the syntheses; Boc was removed by 20% TFA and Bpoc by 1% TFA except for run 9, in which
10% TFA was used for removal of the Bpoc group. c Three washes with 2-propanol were inserted between the standard CH2CI2
washes following the deprotection, neutralization, and coupling steps. * Mixed anhydrides were prepared by treating 1.0
equiv of Bpoc-amino acid with 0.9 equiv of chlorocarbonate and 1.0 equiv of triethylamine in CH2ClI2at 0° for 30 min. 8 Sepa-
rated on the long column (0.9 X 60 cm) of AA-15 sulfonated polystyrene on a Beckman 120 B amino acid analyzer. A sample
containing about 1.4 ;junol of total peptides was applied in 1.0 ml of buffer and eluted at 56° with pH 3.49 citrate buffer at
66 ml/hr. The elution time in minutes for each peptide is shown in parentheses, expressed as mole per cent of the ninhydrin-
positive free peptides after correction for color constants. Blocked peptides, such as those resulting from wrong-way addition,

would not be detected.

k ge Stapdards on

cid Analyzer

Sepa[ﬁu% n?f];e

Compd Elution time, min
Gly 74
Val 98
Gly-Gly-Gly-Gly-Gly-Gly 128
Gly-Gly-Gly-Gly-Gly 144
Gly-Gly-Gly-Gly 161
Gly-Gly 176
Gly-Gly-Gly 194
Gly-Gly-Val 218
Gly-Val 268

0.9 X 60 cm Beckman AA-15 column, sodium citrate

buffer pH 3.49,0.2 N, 66ml/hr, 56°.

dard were found to be indistinguishable when cochroma-
tographed, it was concluded that the by-product of the
synthesis was Leu-Ala-Gly-Gly-Val.

For further study of the side reaction leading to the in-
corporation of two glycine residues during the single gly-
cine coupling step, the system was simplified by examin-
ing only the glycine coupling reaction. The appropriate
standard peptides, Gly-Val, Gly-Gly-Val, Gly-Gly, Gly-
Gly-Gly, and Gly-Gly-Gly-Gly, were shown to be separa-
ble from each other and from glycine and valine on the
analyzer column (Table Il1). Synthesis of Gly-Val by the
mixed anhydride method with ethyl chlorocarbonate and
triethylamine produced appreciable amounts of Gly-Gly-
Val.

For convenience and comparison with DCC experi-
ments, the initial couplings were carried out at 25° in the
presence of 5 equiv of Val-resin. Under these conditions
the total yield of peptides and the proportion of Gly-Gly-
Val were functions of the temperature and time of activa-
tion before addition of the Val-resin (Table Ill1). Thus, ac-
tivation at 0° for 10 min gave only 0.26% Gly-Gly-Val, but
the by-product increased to 2.5% in 2 hr and to 90% in 24
hr. The overall yield of coupling decreased from 85% after
10 min to 30% after 24 hr at 0°. When the anhydride solu-
tion was held for 24 hr at 25° prior to coupling the yield
dropped to only 1.5%. Formation of the anhydride at 0°
for 2 hr and coupling at 0° instead of 25° decreased the
yield of by-product only slightly. When the synthesis was
conducted under more nearly standard conditions for the

EﬁeCf'[é)lxn dn riiw émnmenon é)ﬁ.ﬁé‘/]ma |0n

and

—Activation— Coupllng®

Temp, Time, temp, % of Gly Mol % of free peptides
Run °C min °C coupled Gly-Val Gly-Gly-Val
1 0 10 25 85 99.7 0.26
2 0 120 25 71 97.5 2.5
36 0 120 25 54 98.2 1.8
4 0 120 0 64 98.5 1.5
5 0 1440 25 30 10.0 90.0
6 0 2880 25 26 7.0 88.8“
7 25 1440 25 1.5 48 52
8 -15 10 -15 42 100.0 0.0

ACoupling time was 2 hr. 6Et?N was replaced by
methylmorpholine. aln addition to the di- and tripeptides,
2.5% of Gly-Gly-Gly-Val and 1.8% of Gly-Gly-Gly-Gly-
Val were found.

mixed anhydride method (activation at —15° for 10 min
and coupling at —15° for 2 hr) there was no detectable
Gly-Gly-Val (<0.1%). The overall yield, however, was
only 42%, suggesting incomplete activationié or wrong-
way addition.l3 Substitution of N-methylmorpholine for
triethylamine only reduced the yield of Gly-Gly-Val from
2.5% to 1.8% when the activation was for 2hr at 0°.

When 1.0 mmol of Bpoc-Gly was activated for 48 hr at
0° and then coupled to Val-resin (run 6, Table EH), 0.009
mmol of Gly-Val and 0.116 mmol of Gly-Gly-Val were
found. In addition, 0.0033 mmol of Gly-Gly-Gly-Val and
0.0024 mmol of Gly-Gly-Gly-Gly-Val were also observed.
These peptides accounted for 26% of the starting Bpoc-
Gly. In a separate experiment, the filtrate from the cou-
pling reaction was treated with TFA (to deprotect Bpoc-
containing components) and found by ion-exchange chro-
matography to contain 0.007 mmol of Gly, 0.030 mmol of
Gly-Gly, 0.004 mmol of Gly-Gly-Gly, and 0.002 mmol of
Gly-Gly-Gly-Gly. Thus, 8.7% of the initial Bpoc-Gly was
found as free, uncoupled peptides. In addition, 18% of the
original Bpoc-Gly was found in the acid-treated filtrate in
the form of a ninhydrin-negative product, which was as-
sumed to have been the diketopiperazine derived from
l,4-di-Bpoc-piperazine-2,5-dione by analogy with the re-
sults of Zaoral and Rudinger.l7 When the filtrate was
subjected to gas chromatography,18'19 the presence of a
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Formation of Gly-Gly-Val during Symrﬁé’t‘?ﬁ%a{l\/Anhydride or Standard DCC Couplings

ActivyLlio

Run Temp, °C Time, min EtsN «HCi Coupling method Yield, % a Gly-Val Gly-Gly-Vi
1 25 10 — SAC 100 100.0 0.0
2 25 120 - SAS8 70 100.0 0.0
3 25 1440 - SA8 24 96.5 3.3
4 25 120 + SAC 65 91.4 8.6
5 25 1440 + SAe 45 84.5 15.2
6 0° 120 + SA8 81 93 7
7 25° 120 - SAZ 62 99.7 0.34
8 - DCO 100 100.0 0.0
9 + DCC8 100 99.8 0.24

*The yield ofthe symmetrical anhydride (SA) runs is based on the theoretical amount of anhydride that could be formed;
if based on Bpoc-Gly, it would be Vi of the values shown. The yield of the DCC runs is based on the Val-resin, which is
limiting; if based on the excess Bpoc-Gly the values would be */4o0fthose shown. bAfter coupling, the peptides were cleaved

from the resin with HF containing 10 %

anisole at 0° for 1 hr. The crude mixture was extracted from the resin and frac-

tionated on an ion-exchange column (0.9 X 60 cm, pH 3.49 citrate). 8Bpoc-Gly (1 equiv) was activated with 0.5 equiv of
DCC in CH2Cl2either without or with 1 equiv of EtN HCL1. Val-resin (2 equiv) was then added and coupling was continued
for 2 hr at 25°. dBoc-Gly (1 equiv) was activated with DCC (1 equiv) in CH2Cl2for 2 hr and then coupled with Val-resin
(3 equiv) for2 hrat25°. 8Bpoc-Gly (4 equiv) was added to Val-Resin (1 equiv) in CH 2Cl2and stirred for 10 min either with-
out orwith 4 equivofEtiN HC1.DCC (4equiv) wasthen added and coupling was continued for2 hr at 25°.

component which cochromatographed with an authentic
sample of glycine diketopiperazine was demonstrated.

Urethane acylation is not limited to glycine, although it
probably proceeds faster with the unhindered amino acid.
For example, treatment of Bpoc-Ala with EtOCOCI and
Et3N for 25 hr at 0°, followed by coupling with Val-resin,
gave a low yield of a peptide mixture composed of 14%
Ala-Ala-Val and 86% Ala-Val.

Several other coupling methods were examined to de-
termine whether or not the side reaction is limited to the
mixed anhydride procedure. The symmetrical anhydride,
(Bpoc-Gly)20, was prepared by treating Bpoc-Gly with
0.5 equiv of DCC in CH2Cl2. After various times at 0° or
25° the reagent was mixed with excess Val-resin and al-
lowed to couple for 2 hr at 25°. In separate runs, 1 equiv of
Et3N-HCI was added to simulate the amount of this salt
formed during a mixed anhydride coupling. Finally, a
conventional DCC coupling was examined for comparison.
In this experiment 4 equiv of Bpoc-Gly and 1 equiv of
Val-resin were mixed and stirred for 10 min at 25° either
with or without 4 equiv of Et3N-HCI. Then 4 equiv of
DCC was added and coupling was continued for 2 hr at
25°. The results of these experiments are summarized in
Table IV. In the absence of Et3N-HCI the symmetrical
anhydride produced no Gly-Gly-Val in 10 min or 2 hr and
only 3.3% after 24 hr at 25°. The presence of Et3aN-HCI
caused a marked increase, however, and even at 0° for 2
hr 7% Gly-Gly-Val was formed (compare run 6, Table IV
with run 2, Table Ill). The standard DCC coupling gave
no detectable Gly-Gly-Val (0.1%), but 0.24% was found
when 4 equiv of Et3N-HCI was present.

When 0.53 mmol of Boc-Gly was treated with 0.53
mmol of DCC for 2 hr at 25°, and the CH2Cl2-soluble
fraction was deprotected with TFA and dissolved in
water, the product consisted of a mixture of 0.24 mmol of
Gly and 0.12 mmol of Gly-Gly. Since the starting material
was free of Gly-Gly derivatives, it was concluded that the
intermediate isourea, or symmetrical anhydride-DCC
complex, underwent an acylation reaction at the urethane
nitrogen in a manner analogous to that reported by De
Tar, et al.,20 for the benzyloxycarbonyl derivative. When
0.53 mmol of Boc-Gly was treated with 0.53 mmol of DCC
for 2 hr at 25° as before, and then was treated with excess
Val-resin, the resin-derived product consisted of a mixture
of 0.16 mmol of Gly-Val and 0.0005 mmol of Gly-Gly-Val.
These data are consistent with the view that essentially
all of the Gly was still present as the reactive symmetrical
anhydride after 2 hr. On the other hand, only a trace

(0.4%) of the rearranged Gly-Gly product produced during
the activation period was in activated form that could
couple with the added Val-resin. This can be rationalized
best in terms of the intramolecular mechanism to be dis-
cussed later and argues against a mechanism in which the
Boc-glycyl isourea would acylate itself by an intermolecu-
lar pathway. When DCC was added to Boc-Gly that was
already in the presence of Val-resin and the mixture was
allowed to couple for 2 hr at 25°, no Gly-Gly-Val was pro-
duced.

Evidence for the structure of the resin-bound product
leading to Gly-Gly-Val was obtained by comparing the
number of Bpoc groups with the amino acid composition.
The mixed anhydride was prepared by incubating 19.3
/umol of Bpoc-Gly with equivalent amounts of EtOCOCI
and Et3N in CH2ClI2 at 0° for 24 hr. An excess (112 /;mol)
of Val-resin was added and coupling was continued for 2
hr at 25°. The thoroughly washed resin was deprotected
by treatment with 1% TFA in CH2CIl2. The increased ab-
sorbance of the TFA solution at 261 nm due to 2-(4-bi-
phenylyl)propene (e 1.74 x 104) corresponded to 7.60 pmol
of Bpoc groups. Subsequent HF cleavage of the resin and
chromatographic analysis of the resulting peptides re-
vealed the presence of 0.34 ;;mol of Gly-Val, 3.39 pmol of
Gly-Gly-Val, and 87.3 /umol of free Val. Assuming that
0.34 /umol of Bpoc was bound to the Gly-Val, then 7.26
/umol of Bpoc was bound to 3.39 /;mol of Gly-Gly-Val
(ratio 2.11:1). This indicates clearly that the protected
resin-bound tripeptide contained two Bpoc groups for
every Val residue, or an average of one Bpoc per Gly resi-
due. The data are consistent with structure 1. .V-biphenyl-
isopropy loxy carbonyl-A”-ibiphenylisopropyloxycarbonyl-
glycy1)glycylvalyloxymethyl resin. |

On the Mechanism of the Reaction. Four mechanisms
have been considered to explain the appearance of addi-
tional amino acid residues in peptides from solid-phase
syntheses in which anhydride methods were used.

. Adq{ ation of the Amice Nitrogen of Bpoc-Gly-Val-
ReSIn an nsel’tlon. Brenner2! has proposed that net in-
sertion of an amino acid can be effected through N-acyla-
tion of an amide bond of a peptide backbone by an acti-
vated N-protected amino acid followed by intramolecular
cyclization and ring opening. Mitchell and Roeske22 de-
tected no triglycine, however, on treating Boc-Gly-Gly-
resin with 10 equiv each of Boc-Gly and DCC followed by
deprotection in acid and treatment with triethylamine.
The same experiment was repeated in this study, using
mixed anhydride activation of Boc-Gly, and no formation
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Stability of Amide and Urethane Nitraﬁ‘é’n Atoms toward Several Acylating Agents

—Products, mol %°—

Amide or urethane Reaction  Starting  Acylated
No. component Acylating agents (activating conditions) time, hr material product Ref
1 Boc-Gly-Val—R b Boc-Gly EtOCOCI + Et3AN (30 min, 0°) 2 100 0 c
1 equiv 4 equiv 4 equiv 4 equiv
2 Boc-Gly-Val—R Boc-Gly + DCC (10 min, 25°) 2 100 0 c
1 equiv 4 equiv 2 equiv
3 Boc-Gly-Val—R Boc-Gly + DCC 2 100 0 c
1 equiv 4 equiv 4 equiv
4 Boc-Gly-Val—R Leucine IV-carboxyanhydride 24 100 0 c
1 equiv 10 equiv
0
1
5 Z-NH (CH25C—R Boc-Gly -f BU'OCOCI + EtN (15min, - 10°) 12 100 0 c
1 equiv 86 equiv 81 equiv 86 equiv
O
1
6 Z-NH(CH2e6C—R Boc-Gly + DCC (10 min, 25°) 12 100 0 c
1 equiv 81 equiv 81 equiv *
7 Boc-Gly-Gly—R Boc-Gly + BUu'OCOCI + EtN (15 min, - 10°) 2 100 0 c
1 equiv 68 equiv 64 equiv 68 equiv
8 Boc-Gly-Gly—R Boc-Gly + DCC 24 100 0 14
1 equiv 10 equiv 10 equiv
O
1
9 Z-NHCHRC-NH2 Z-NHCHRCOOH + EtOCOCI + EtN 0 23
10 Z-Ala-NH2 Z-Gly-Cl 0 23

®Products from runs 1-6 were separated and quantitatively measured on the amino acid analyzer following deprotection
and cleavage from the resin by HF or HBr. After the attempted acylation reaction in runs 7 and 8, the peptide resin was
deprotected with TFA, treated with 10% Et;N-CH2C12 and then cleaved with HBr. A portion of the peptide resin from run 1!
was similarly treated and no acylated product was detected. Limit of detection was 0.1 mol %. 1R represents oxymethyl-

copoly (styrene-1% divinylbenzene).c This study.

CH3 0 H o)

of triglycine was observed. Similarly, treatment of Bpoc-
Gly-Val-resin with Bpoc-Gly-OCCUETt did not lead to the
formation of Gly-Gly-Val (Table V). These results support
the original contention22 that the Brenner mechanism is
not a significant side reaction during solid-phase peptide
synthesis.

In the context of amide reactivity, Antonov and Shem-
yakin24 studied the reaction of protected peptide esters
with acylating agents of higher reactivity than those used
in the present study. Phthalylglycyl chloride was found to
acylate not the amide nitrogen, but the urethane nitrogen
of iV-benzyloxycarbonyl dipeptide esters. Acylation of the
peptide bond in a phthalyl dipeptide ester was effected
through the use of a more potent acylating agent, azido-
acetyl chloride, at reflux in toluene for several hours. In
light of the nonreactivity of amide nitrogens toward the
less active acylating agents (Table V) it is interesting that
Fankhauser, et al.,2B have recently described a model sys-
tem in which amide acylation (and subsequent insertion)

HT CH3
O H CHo

was thought to have occurred during solid-phase peptide
synthesis. It appears, however, that other interpretations
of their data are, possible. .

Ei. Acylation 0 the Urethane Nitrogen of Bpoc-Gly-
Va -ReSIn. This mechanism involves coupling of activated
Bpoc-Gly to Val-resin and N-acylation of the urethane
bond of the resulting Bpoc-Gly-Val-resin by a second
equivalent of activated Bpoc-Gly. However, the effects of
temperature and activation time of the mixed anhydride
indicated that the side reaction was occurring in solution
during the activation step rather than after the coupling
reaction between Boc-Gly-OCC~Et and Val-resin. This
conclusion was confirmed by treatment of Boc-Gly-Val-
resin with excesses of Boc-Gly-OCOzEt, (Boc-Gly)zO, Boc-
Gly + DCC, or leucine iV-carboxyanhydride. No Gly-Gly-
Val or Leu-Gly-Val was obtained (Table V), indicating
that the urethane nitrogen was not acylated under these
conditions. Attempts to acylate the urethane bond of 6-
(benzyloxycarbonylamino)hexanoyl resin with large ex-
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cesses of Boc-Gly-OCO02Bui or Boc-Gly + DCC were also
un ucces’&ful

an ydnde. Bodanszky, et al.,26 recently reported that
activation of Boc-amino acids with DCC in CH2CI2 gave
rise to a precipitate that contained ninhydrin-positive
material. They pointed out that intermediate Boc-amino
acyl isourea contains a good anionic leaving group and a
potential cation of high stability and that the presence of
two oppositely polarized centers in such a molecule favors
the formation of an N-carboxyanhydride (NCA) which,
following hydrolysis, could account for the ninhydrin-posi-
tive product. By this reasoning Bpoc-Gly anhydride (or
Boc-Gly anhydride) should also form the NCA and subse-
quently give rise to Gly-Gly-Val as shown in Scheme I.
Thus, if a small amount of NCA were to form it would
react rapidly with the large excess of Val-resin to produce
a mixture of Gly-Val-resin and Val-resin (very little poly-
glycyl-valine-resin would be expected from an NCA’poly-
merization process because of the excess amine initiator).
The remaining Bpoc-Gly mixed anhydride would then
react to give Bpoc-Gly-Val-resin and Bpoe-Gly-Gly-Val-
resin. By this mechanism the resin-bound tripeptide
would contain Bpoc and Val in a ratio of 1:1. However, it
was found (run 6, Table I11) that the ratio was 2.11:1.

Scheme |
The N-Carboxvanhydride as a Possible Intermediate
Leading to Gly-Gly-Val

CH3 0 H 0 0

CH3

n

CH3 0 H 0
] | |
+ C— N— CH,— C + CO, + EtOH
| o
[/ 7 0
al—
eXCess,
Bpoc-Gly-Gly-Val— R Gly-Val— R

+ - +
Bpoc-Gly-Val— R

During the activation andincubation steps, before addi-
tion of the Val-resin, an appreciable amount of NCA
should have accumulated if this were the mechanism of
the side reaction. In an experiment (run 5, Table III)
where 27% of the Boc-Gly eventually appeared as Gly-
Gly-Val, no carboxyanhydride could be found by infrared
spectroscopy. As little as 5% of Gly NCA would have been
detected by its characteristic absorption at 1857 cm-1.
Thus Gly NCA did not accumulate during the activation
step and does not appear to be on an important route to
the observed Gly-Gly-V

. Acylation of
Arlﬂwd”de. The probable mechanism for the formation of
N-Bpoc-jV-(Bpoc-Gly)-Gly-Val-resin involves the acylation
of the urethane nitrogen of Bpoc-Gly anhydride in solu-
tion, followed by coupling of the resulting glycylglycine
derivative with Val-resin. The acylation reaction might
occur intermolecularly or intramolecularly.

As far as we are aware, this is the first time the ure-
thane acylation reaction has been recognized to have oc-

cylation of the Amino Nitrogen via an iV-Carboxy-

fhe Urethane Nitrogen of Bpoc-Gly
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curred during a solid-phase synthesis, although it is well
known to occur during conventional syntheses in solution
with mixed carboxylic-carbonic anhydrides. Kopple and
Renick27 found that activation of Z-Gly with ethyl chloro-
carbonate and triethylamine for 10 min at -5°, followed by
coupling with glycine ethyl ester, gave rise to a 30% yield
of a by-product containing two Z-Gly residues per glycine
ester. Treatment with HBr-HOAc yielded the linear tri-
peptide, HBr-Gly-Gly-Gly-OEt. The initial product was
deduced to be N-Z-N-iZ-Gly)-Gly-Gly-OEt. It was as-
sumed that this diacylamide was formed by reaction of
the mixed anhydride with glycine ethyl ester and acyla-
tion of the resulting Z-Gly-Gly-OEt by another equivalent
of the mixed anhydride. Similarly, Schellenberg and UlI-
rich2s found 17% of crystalline N-Z-N-(Z-Gly)-Gly-Glu-
(0 Et)2 following the coupling of diethyl glutamate with
the mixed anhydride of Z-Gly and isobutyl chlorocarbo-
nate. The expected Z-Gly-Glu-(OEt)2 was obtained in
66-71% vyield from the filtrates. No mechanism was pro-
posed. Determann?9 treated the reaction product of Z-Phe
and ethyl chlorocarbonate with NaOH and isolated 1 -ben-
zyloxycarbonyl-3-(2-benzylacetic acid)-5-benzylhydantoin.
He concluded that one molecule of the mixed anhy-
dride had undergone an attack by the nucleophilic nitro-
gen of another molecule in an intermolecular acylation to
give jV-Z-jV-(Z-Phe)-Phe-OCOOEt, which then underwent
ring closure in alkali, with loss of benzyl alcohol, to give
the hydantoin. Kotake and Saito30 obtained an 85% yield
of N-Z-N-(Z-Gly)-Gly after treatment of (Z-Gly)20 with
Et3N (0.1-1 equiv). The high yield suggests, but does not
prove, that the acylation reaction was intramolecular.

Urethane acylation is not limited to symmetrical car-
boxylic anhydrides and mixed carboxylic-carbonic anhyd-
rides. This side reaction was first observed by Wieland
and Heinke3l when Z-Gly was activated by the phosphor-
ous oxychloride method. The product, N-Z-N-(Z-Gly)-
Gly, was obtained in 30% yield.

Neither is the acylation reaction limited to Na-ure-
thane-protected amino acids; Zaoral and Rudingerl7 ob-
served it when the mixed anhydride formed from tosylgly-
cine and sec-butyl chlorocarbonate in pyridine was treated
with aniline. They actually isolated ten crystalline prod-
ucts from the single reaction mixture, including 15% of
N-Tos-7V-(Tos-Gly)-Gly anilide. Several mechanisms for
the origin of the observed products were discussed in some
detail. One way in which imides such as Tos-
NHCH2C (=0)-iV-Tos-CH2COOH could arise under the
conditions of a mixed anhydride synthesis was via an O to
N shift that would allow for a mobile equilibrium be-
tween Tos-NHCH2C (=0)OC(=0)CH2NH-Tos and Tos-
NHCH2C(—0)-N-Tos-CH2COOH. This process requires
first that the symmetrical anhydride be formed by dispro-
portionation of the mixed carboxylic-carbonic anhydride.
Indeed, several reactions, all of which were expected to
give the symmetrical anhydride (Tos-Gly)20, were found
to lead invariably to (V-Tos-N-(Tos-Gly)-Gly. Evidence for
the existence of both species was obtained when the reac-
tion between Tos-Gly-Cl and Tos-Gly was followed by in-
frared spectroscopy. They concluded that it was unlikely
that disproportionation under the conditions used for the
mixed anhydride would be sufficiently extensive to ac-
count for all of the imide actually isolated (~56%). In ad-
dition, disproportionation requires CO02 evolution, but
they observed none. For these reasons it appeared likely
that direct acylation of tosyl-glycine, or more probably of
the mixed anhydride, by a second molecule of the mixed
anhydride also occurred.

Thus, the widely observed side reaction leading to the
incorporation of two residues of glycine instead of only one
has been attributed to acylation of the urethane nitrogen
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of a protected dipeptide ester,27 of an N-protected amino
acid,17 or of an N-protected amino acid mixed anhy-
dride29-31 by Lntermolecular reactions, or, in part, to acyl-
ation of an N-protected amino acid symmetrical anhy-
dride by an intramolecular reaction.17-30

Evidence gathered in this study of the side reaction
during solid-phase synthesis favors the view that it occurs
by an intramolecular rearrangement as outlined in path-
way A, Scheme H. Thus, Bpoc-Gly-OC02Et (H), first
formed in solution from Bpoc-Gly and EtOCOCI, dispro-
portionates to the symmetrical anhydride (Bpoc-Gly)20
(ID), which undergoes an intramolecular acylation to give
iV-Bpoc-iV-(Bpoc-Gly)-Gly:OH (1V). This diacyl dipep-
tide, which is not activated for coupling, would then be-
come activated by an anhydride interchange with other
anhydride species present in solution, such as mixed an-
hydride (H) or symmetrical anhydride (Ill), to give N-
Bpoc-N-(Bpoc-Gly)-Gly-0-Gly-Bpoc (V) or [N-Bpoc-N-
(Bpoc-Gly)-Gly]20 (V1), or possibly 1V-Bpoc-1V-(Bpoc-Gly)-
Gly-OCCUEt (VU). After the activation period, during
which these reactions could occur, each of the anhydride
species would then couple with the excess Val-resin to
give a mixture of Bpoc-Gly-Val-resin (VIH) and N-Bpoc-
7V-(Bpoc-Gly)-Gly-Val-resin (I) in proportion to their con-
centrations. Deprotection and cleavage from the resin by
HF would then give the di- and tripeptides finally ob-
served. During the anhydride interchange reactions (e.g
V — VI) additional symmetrical anhydride would be ex-
pected to form and would recycle to lead to more of the
diacyl dipeptide anhydrides (V, VI, VII).
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33 and 67% if the product were all Gly-Gly-Val. The alter-
native route (pathway B, Scheme IlI) would involve the in-
termolecular generation of VII directly from Il. By this
route up to 100% of glycine could be incorporated, either
as Gly-Val or Gly-Gly-Val. When Bpoc-Gly, EtOCOCI,
and EtaN were incubated at 0° for 24 hr, and then treated
with Val-resin, Gly-Val and Gly-Gly-Val were found in a
molar ratio of 1:10. The coupling yield based on Bpoc-Gly
was 37%. However, the pathway cannot be deduced from
yield alone because a complete accounting of materials
was not made and side reactions could markedly reduce
the overall yield. It is important to note that the amino
acid and peptide products observed in this study were de-
tected by the ninhydrin reaction after chromatography.
The presence of blocked products resulting from wrong
way addition would not be measured by this analytical
system.

The diketopiperazine I1X is thought to be another inac-
tivation product.l7 It was observed that prolonged stand-

ee
I\
Bpoc— N C=0
[
0=C N— Bpoc
\/
ch?
I1X

ing of an activation solution at 25° led to a very low cou-
pling yield. The filtrate contained a ninhydrin-negative

Scheme 11
Mechanisms Leading to the Rearrangement Product, Gly-Gly-Val, via Urethane Acylation
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By the symmetrical anhydride route the maximum in-
corporation of glycine would be 50% if the product were
all Gly-Val and, depending on the relative rates of the in-
dividual reactions, the maximum yields would be between

Bpoc
v

n or Il

Bpoc— NH— CH>— C— N— CH2— C

\

Bpoc 0
Bpoc— NH— CH2— C

I
0

\Y

component which gave rise on hydrolysis to a quantity of
glycine approximately equal to that which had coupled to
Val-resin. The presence of the diketopiperazine was estab-
lished by gas chromatography.18'19
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The main reason for rejecting the intermolecular acyla-
tion (pathway B) as the major route is the complete lack
of reactivity of the urethane nitrogen of resin esters X, XI,
and XIl with various amino acid anhydrides, including

HiCv /ICH3
0 cir o

Bpoc— NHCH2— C— NHCH— COCHs

X

0 0

Z— nhch2— ¢c—nhch2—coch2—<( ))—R

Xl
0 0

Boc— NHCH2— C— NHCH2— COCH2

Ul
0

z— NH(CH25— C— OCH2— (~ ) — R

Xra

Bpoc-Gly-OCO02Et, Boc-Gly-OCO02Bu', (Bpoc-Gly)20,
Bpoc-Gly-0-C(=NC6HIil1)NHCéHnNn, and Val-NCA. In
addition, large excesses of Boc-Gly-OCO”Bu* or Boc-Gly
+ DCC were unable to effect acylation of XIIl. Moreover,
the reaction did not occur in solution between Z-amino
acid amides or anilides and mixed anhydrides.23 It seems
unlikely that the urethane nitrogen of Bpoc-Gly-OCC>2Et
would be appreciably more reactive toward acylation
under these conditons. A greatly enhanced rate, however,
could be expected from the intramolecular acylation of Il
to give Il (Scheme I11).

If pathway A is the actual route for the rearrangement
of the mixed anhydride, the symmetrical anhydride
should undergo a similar rearrangement at a comparable
rate under the same conditions. Since the usual condi-
tions for formation arid coupling of symmetrical anhyd-
rides are not the same as for mixed anhydrides, the results
cannot be compared directly. Thus, activation of Bpoc-
Gly by 0.5 equiv of DCC in CH2C12 for 10 min or 2 hr at
25°, followed by coupling with Val-resin, gave no Gly-Gly-
Val, and activation for 24 hr gave only 3.3% (Table 1V),
whereas the mixed anhydride produced 2.5% in 2 hr at 0°
and 90% after 24 hr (Table I11). When 1 equiv of triethyl-
amine hydrochloride was added to simulate the amount
of this salt formed during the mixed anhydride reaction,32
the results were quite different. Then (Bpoc-Gly)20 gave
rise to 7% Gly-Gly-Val after standing for 2 hr at 0°.
Therefore, the data up to 2 hr are compatible with path-
way A and support the view that it is the major route to
the rearrangement products. The data at longer times are
complicated by low yields and undetermined by-products
and are more difficult to rationalize.

The normal DCC coupling of Bpoc-Gly with Val-resin
gave no detectable tripeptide, and the presence of an ad-
ditional mole of DCC did not catalyze the side reaction.
When EtsN-HCI was present, however, even the DCC
method produced 0.26% of Gly-Gly-Val.

Rearrangement of Il should produce CO02, and it was
observed. The activation solution containing Bpoc-Gly +
EtOCOCI + Et3N in CH2C12 was placed at 25° in a closed
cell, then underwent infrared spectroscopy. A strong, sharp
peak at 2300 cm-1 for C02 was observed after 25 min and
the peak was approximately twice as large after 4 hr.
When the activation was carried out in a flask connected
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to the air by a drying tube, no C02 peak could be found.
The infrared data also showed a steady drop in the mixed
anhydride carbonyl peak at 1840 cm' 1 with a half-time of
about 45 min. The second anhydride peak at 1760 cm*1
decreased but was replaced by an overlapping peak at
1740 cm-1 which is attributed to the imide carbonyl re-
sulting from the acylation. The urethane carbonyl peak at
1725 cm-1 remained unchanged.

Conclusions

The present experiments show that substantial quan-
tities of by-product can be formed during solid-phase syn-
theses with the mixed anhydride method at 0°. The unde-
sired product arises by an intramolecular acylation of the
urethane nitrogen of Bpoc-glycine during the activation
step in solution, rather than by acylation of a resin-bound
peptide. The reaction can also occur with other amino
acids, although at a slower rate. When the mixed anhy-
dride was formed and coupled at lower temperature
(-15°) the urethane acylation could not be detected. There-
fore, with respect to this side reaction, the mixed anhy-
dride method appears to be satisfactory, even with gly-
cine, for solid-phase peptide synthesis. However, because
the conditions are critical, the possibility of adding two
residues during a single coupling step must be kept in
mind.

The symmetrical anhydride of Bpoc-Gly, generated by
DCC, showed far less tendency to undergo the rearrange-
ment than the mixed anhydride. The difference is corre-
lated with the presence of Et3N-HCI during the forma-
tion of the mixed anhydride. In addition, the standard
DCC coupling procedure that has been used extensively
for solid-phase synthesis produced none of the rearrange-
ment product in these model systems. Thus, urethane ac-
ylation represents a side reaction in solid-phase peptide
synthesis that can be avoided under appropriate condi-

ti . . .
o Experimental Section

Infrared spectra were taken with a Perkin-Elmer Model 237B
grating infrared spectrophotometer. Melting points were taken on
a Thomas-Hoover capillary melting point apparatus and are un-
corrected. Amino acid and peptide analyses were carried out on
Beckman amino acid analyzers (Model 120B and 121). Elemental
analyses were performed by Mr. S. T. Bella. An F & M Model 402
gas chromatograph was used to determine glycine diketopiperaz-
ine as described elsewhere.18'19 The solvents used for thin layer
chromatography (precoated 0.25-mm silica gel G plates, Anal-
tech) were 1-butanol-acetic acid-water (BAW) (4:1:1) and chloro-
form-methanol-acetic acid (CMA) (17:2:1). Boc-amino acids were
obtained from Beckman Instruments, Inc. They were checked for
homogeneity by thin layer chromatography and for optical purity
by the Manning and Moore method.33 Bpoc-amino acids were
synthesized in this laboratory as cyclohexylamine or dicyclohexyl-
amine salts and characterized as described recently.34 Gly-Val,
Gly-Gly, Gly-Gly-Gly, and Gly-Gly-Gly-Gly were obtained from
Schwarz Bioresearch. Gly-Gly-Gly-Gly-Gly, Gly-Gly-Gly-Gly-
Gly-Gly, and Gly-Gly-Val were purchased from Fox Chemical Co.
Chloromethyl methyl ether (Aldrich Chemical Co.) was distilled
in an efficient hood before use. N.IV'-Dicyclohexylcarbodiimide
(Schwarz), 1V.iV'-carbonyldiimidazole (Aldrich), and ethyl and
isobutyl chlorocarbonates (Eastman) were used without further
purification. The resin support was a copolymer of styrene and
1% divinylbenzene (Bio-Rad), 200-400 mesh. It was chloromethy-
lated to the extent of 1.2 mmol/g and esterified with Boc-Val by a
procedure using triethylamine3s or by the new cesium salt meth-
0d.36 No quaternary ammonium sites were formed with the latter
procedure. Hydroxymethyl resin was prepared from chloromethyl
resin via the acetoxymethyl derivative and was esterified by the
carbonyldiimidazole procedure.37 The general procedures for
solid-phase synthesis were similar to those described earlier14'37' 39
but modified as indicated.

Synthesis of Leucyl-Alanyl-Glycyl-Valine by the Mixed An-
hydride Method. Boc-valine-resin (1.2 g, 0.378 mmol Val) was
placed in a water-jacketed reaction vessel and deprotected with
40 ml of 20% trifluoroacetic acid in methylene chloride for 30 min
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at 25°. The resin was filtered, washed with CH2CI2, neutralized
with 10% Et3N in CH2CI2, and washed with CH2CI12. Bpoc-gly-
cine (313 mg) was dissolved in 10 ml of CH2CI2 at 0° and mixed
with 10 ml of 0.1 M Et3N and 9 ml of 0.1 M EtOCOCI. The acti-
vation mixture was stirred for 30 min at 0°, filtered, diluted to 50
ml with CH2CI2, and added to the valine-resin. The coupling
mixture was shaken for 2 hr at 25°, filtered, and washed with
CH2CI2. The Bpoc group was removed by treatment with 1%
TFA in CH2C12 for 20 min and the trifluoroacetate was neutral-
ized with 10% Et3N in CH2CI2. Bpoc-alanine (327 mg) and Bpoc-
leucine (468 mg) were coupled in a similar way to give the pro-
tected tetrapeptide Bpoc-Leu-Ala-Gly-Val-resin. In this synthesis
the only solvent was CH2CI2, but in other syntheses (see Table I)
washes with 2-propanol were inserted between the CH2CI2 washes
following deprotection, neutralization, and coupling.

Part of the peptide resin (500 mg) was cleaved in 5 ml of redis-
tilled HF and 0.5 ml of anisole at 0° for 1 hr.40 After evaporation
of the HF, the peptide was extracted from the resin with 10%
aqueous acetic acid and then with glacial acetic acid. The com-
bined filtrates were lyophilized; yield, 21 mg (40% from Boc-Val-
resin). Amino acid analysis of the crude peptide resin showed
Gly, 1.00; Ala, 0.95; Val, 1.05; Leu, 0.95. A second synthesis, in
which ethyl chlorocarbonate was replaced by isobutyl chlorocar-
bonate, gave 39 mg (74%) of crude product.

Isolation of Leu-Ala-Gly-Val and Leu-Ala-Gly-Gly-Val. Part
(5 mg) of the crude lyophilized product from the mixed anhydride
synthesis of Leu-Ala-Gly-Val was dissolved in 1 ml of water and
applied to the 0.9 X 60 cm column of the Beckman 120B amino
acid analyzer which had been modified to enable the simulta-
neous analysis and isolation of peptide.41 The column was packed
with Beckman AA-15 cation exchange resin and was equilibrated
with pH 3.49 citrate buffer (0.2 N) at 56°. The flow rate was 66
ml/hr. A divider pump was adjusted to remove 12 ml/hr and to
allow the remaining 54 ml/hr to be collected in a fraction collec-
tor (1.5 min/tube). The diverted stream was mixed with buffer
pumped at the rate of 54 ml/hr and then with ninhydrin at 33
ml/hr. The solution was passed through the reaction coil and col-
orimeter of the analyzer as usual and the results were plotted on
the recorder (Figure 1). The delay between collection of a peak in
the fraction collector and its detection on the recorder was 15
min. The main peak of Leu-Ala-Gly-Val (2.9 pmol) was in tubes
139-159 (peak at 234 min). A small amount of Ala-Gly-Val (0.076
limol) was found in tubes 127-129 (peak at 201 min) and Leu-Ala-
Gly-Gly-Vval (0.084 ~mol) was found in tubes 118-121 (peak at 189
min). Aliquots of the three fractions were hydrolyzed and the
amino acid ratios were determined.

—Amino asid ratio—

Fraction Gly Ala Val Leu
118-121 1.97 1.00 1.04 0.85
127-129 0.90 1.00 1.01 0.05
139-159 1.03 1.00 1.02 0.99

Synthesis of Leucyl-Alanyl-Glycyl-Glycyl-Valine. Boc-Val-
resin (2.35 g, 0.67 mmol) was deprotected with 20% TFA in
CH2Cl2, neutralized with 10% Et3N in CH2CI2, and coupled for 2
hr with 4 equiv of Boc-Gly and 4 equiv of DCC in 50 ml of
CH2ClI2. A sample of the Boc-Gly-Val-resin was removed for anal-
ysis and the remainder was extended by coupling in a similar way
with Boc-Gly, Boc-Ala, and Boc-Leu. The resulting Boc-Leu-Ala-
Gly-Gly-Val-resin was deprotected in TFA, hydrolyzed,38 and an-
alyzed: Gly, 1.98; Ala, 1.00; Val, 1.06; Leu, 0.92. A 500-mg sample
of the peptide resin was cleaved in 5 ml of HF at 0° for 1 hr to
yield 52 mg of peptide (94% from Boc-Val-resin). The pentapep-
tide (0.5 mg) was chromatographed on the 0.9 x 60 cm column of
the amino acid analyzer in pH 3.49 buffer. The main peak
emerged at 189 min and accounted for 96% of the product. This
standard preparation of Leu-Ala-Gly-Gly-Val was cochromato-
graphed on the same column with the corresponding pentapeptide
isolated from the mixed anhydride synthesis. A single component
emerged as a peak at 189 min.

To follow the progress of the pentapeptide synthesis and estab-
lish its structure, samples of peptide resin were removed at each
step. Amino acid ratios were determined on acid hydrolysates,
and the peptides were cleaved from the resin with HF and frac-
tionated by ion exchange chromatography on the 0.9 X 60 cm col-
umn with pH 3.49 buffer.

Elution —Amino acid ratios-»

Peptide time, min Val Gly Ala
Gly-Val 268 1.00 1.00
Gly-Gly-Val 218 1.10 2.00

Ala-Gly-Gly-Val 167 1.02 2.00 0.97
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Detection of Glycine Diketopiperazine after Mixed Anhy-
dride Coupling with Val-Resin. Bpoc-Gly (0.045 mmol) was ac-
tivated with triethylamine (0.045 mmol) and ethyl chlorocarbo-
nate (0.040 mmol) for 24 hr at 0° in 1.3 ml of CH2C12 and shaken-
with 0.69 g (0.225 mmol) of valine resin in methylene chloride for
2 hr at room temperature. The filtrate was made 10% in trifluo-
roacetic acid and allowed to stand for 30 min, after which time
the solvents were removed in vacuo. The resulting residue was
kept overnight in vacuo in a desiccator containing calcium sulfate
and phosphorous pentoxide. The residue was dissolved in hot
DMF (0.5 ml) and allowed to cool to room temperature, whereu-
pon some insoluble material was removed by centrifugation and
samples from the supernatant were subjected to gas-liquid chro-
matography1819 in the absence and presence of glycine diketopi-
perazine. The column (6 ft x 3.5 mm of 3% EGSP-Z on Gas
Chrom Q, 100-200 mesh) was maintained at 201° and the flow
rates of the gases were kept at 44 (H2), 60 (He), and 360 cm3min
(air). A component was observed at 20 min, which cochromato-
graphed with the authentic sample of glycine diketopiperazine
dissolved in dimethylformamide. The filtrate was calculated to
contain 0.0036 mmol of glycine diketopiperazine, which accounted
for 18% of the activated Bpoc-glycine.

N-tert-Butyloxycarbonylglycyl-6-aminohexanoic  Acid. A
modification of the Rothe and Kunitz422 method for synthesis of
6-aminohexanoyl peptides was used in this preparation. A solu-
tion of Boc-Gly (1.40 g, 8.00 mmol) and triethylamine (1.16 ml,
8.40 mmol) in 20 ml of tetrahydrofuran was cooled to -15° in an
ice-salt bath. Isobutyl chlorocarbonate (1.11 ml, 8.40 mmol) was
added and the mixture was stirred for 8 min. A solution of 6-ami-
nohexanoic acid, prepared by refluxing e-caprolactam (0.900 g,
8.00 mmol) in 10 ml of 0.93 N aqueous sodium hydroxide, was
added. The reaction mixture was stirred in the ice bath for 1 hr
and at room temperature overnight. The clear, light brown solu-
tion was evaporated in vacuo to a residue, which was dissolved in
water (20 ml), chilled in an ice bath, and acidified to pH 3.0 by
addition of 3 N hydrochloric acid. The solution was saturated
with sodium chloride and extracted with three 50-ml portions of
ethyl acetate. The combined extracts were washed with four
50-ml portions of saturated aqueous sodium chloride, dried over
magnesium sulfate, and freed of solvent to yield an oil (2.43 g).
The oil contained the title compound, fir 0.70 (CMA), contami-
nated with Boc-Gly, Rf 0.66 (CMA). The product was purified on
a column (4.2 X 53 cm) of Sephadex LH-20 eluted with dimethyl-
formamide. When the resulting oil, which was free of Boc-Gly by
tic, was allowed to stand under petroleum ether (bp 30-60°) in
the cold for a week, a crystalline product (0.270 g) was isolated in
lowyield (12%), mp 87-89°.

Anal. Calcd for C13H24N20 5: C, 54.15; H, 8.39; N, 9.71. Found:
C,52.42; H, 8.38; N, 9.62.

A weighed portion of the above compound was treated with tri-
fluoroacetic acid for 30 min at room temperature. The trifluo-
roacetic acid was removed in vacuo and the resulting glycyl-6-
aminohexanoic acid trifluoroacetate was dissolved in an agqueous
solution containing known quantities of ammonium chloride and
6-aminohexanoic acid. Glycyl-6-aminohexanoic acid cannot be re-
solved from 6-aminohexanoic acid on the short column (0.9 X 6
cm Beckman PA-35 cation exchange resin) of the amino acid ana-
lyzer under the usual conditions (sodium citrate, 0.35 N, pH 5.26,
65 ml/hr, 56°). A longer column (0.9 X 13 cm) of the same resin
allowed good resolution of ammonium chloride (127 min), glycyl-
6-aminohexanoic acid (149 min), and 6-aminohexanoic acid (175
min) when a modified buffer (sodium citrate, 0.20 N, pH 4.15,
1.5% benzyl alcohol, 2.0% 1-propanol) was used. The relative nin-
hydrin color values are 1.81:2.26:1.00 for ammonium chloride-gly-
cyl-6-aminohexanoic acid-6-aminohexanoic acid.

Attempted Acylation of iV-Benzyloxycarbonyl-6-aminohexa-
noyl Resin. The substituted resin was prepared by treating 6-
(benzyloxycarbonylamino)hexanoic acid42 with chloromethylated
copoly(styrene-1% divinylbenzene) resin in the presence of trieth-
ylamine and dimethylformamide according to Marglin.43 Amino
acid analysis of the resin gave 0.108 mmol/g of 6-aminohexanoic
acid.

A. Carbodiimide Method. A portion of the substituted resin
(0.200 g, 0.0216 mmol) was placed in a 5-ml reaction vessr'19 and
shaken (10 min) with 2 ml of methylene chloride containing Boc-
Gly (0.306 g, 1.75 mmol). Dicyclohexylcarbodiimide (0.360 g, 1.75
mmol) in 2 ml of methylene chloride was added and shaking was
continued for 12 hr. The resin was washed with methylene chlo-
ride (6x2 ml) and then shaken with a mixture of 2 ml of 32%
HBr in acetic acid and 2 ml of TFAZ44 for 100 min. The cleavage
solution was filtered and the resin was washed with three 2-ml
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portions of TFA, TFA-methylene chloride (1:1), and methylene
chloride. The pooled filtrates were evaporated in vacuo. The re-
sulting oil was suspended in methylene chloride and again evapo-
rated in vacuo. This procedure was repeated several times to re-
move excess acid from the cleavage product. The residue was dis-
solved in 1 ml of glacial acetic acid. Addition of water (19 ml)
produced a massive white precipitate of dicyclohexylurea. The
suspension was shaken for several minutes and then filtered
through a millipore disk prior to analysis with the amino acid an-
alyzer. The presence of glycyl-6-aminohexanoic acid could not be
detected (<0.1%); the presence of 20 pmol of 6-aminohexanoic
acid indicated acleavage efficiency of 93%.

B. Mixed Anhydride Method. A solution of 0.437 M Boc-gly-
cine mixed anhydride was prepared by treating Boc-glycine (0.486
g, 2.78 mmol) and triethylamine (0.388 ml, 2.78 mmol) with iso-
butyl chlorocarbonate (0.346 ml, 2.62 mmol) in methylene chlo-
ride (6 ml) at -10° for 15 min. A portion (4 ml, 1.75 mmol) of this
solution was shaken with 0.200 g of resin for 12 hr at 25° and
worked up as described for the carbodiimide method. The pres-
ence of glycyl-6-aminohexanoic acid could not be detected
(<0.1%); the presence of 156 pmol of 6-aminohexanoic acid indi-
cated a cleavage efficiency of 78%.

Attempted Acylation of Boc-Gly-Gly-Resin. The substituted
resin was prepared by treating Boc-Gly-Gly with chloromethylat-
ed resin (1% cross linked, 1.17 mmol Cl/g) according to Marglin.43
Amino acid analysis of the resin indicated the presence of 0.136
mmol of glycylglycine/g. A portion of Boc-Gly-Gly-resin (0.200 g,
0.00272 mmol) was placed in a 5-ml reaction vessel and shaken (2
hr, 25°) with a solution (4 ml, 1.75 mmol) of 0.437 M Boc-glycine
mixed anhydride, which was prepared as described above. The
resin was washed with methylene chloride (6 X 2 ml) and then
shaken for 15 min in 50% trifluoroacetic acid-methylene chloride
(4 ml). The acid treatment was repeated and the resin was
washed with methylene chloride (6 x2 ml). It was treated with
10% triethylamine in methylene chloride (10 min), and washed
with methylene chloride (6 X2 ml). Cleavage of the resin with
HBr was performed as described above. The presence of 20.8 nmol
of glycylglycine indicated a cleavage efficiency of 77%. Triglycine,
tetragiycine, pentaglycine, and hexaglycine could not be detected
(<0.1% of Gly-Gly). When the sample was concentrated tenfold
and applied to the analyzer column, the presence of a trace com-
ponent running at the position of triglycine was detected (0.007
nmol, 0.03%). The presence of tetragiycine, pentaglycine, and
hexaglycine could not be detected in the concentrated sample
(<0.03%).

Beyerman, et al.,iS have reported the formation of Gly-Gly-
Gly-Gly-resin from Gly-Gly-resin in 1% yield when the latter was
treated with 10% triethylamine in methylene chloride for 10 min.
The dimerization reaction was thought to result from an inter-
chain aminolysis. Our results contrast with this finding, since no
tetragiycine (<0.03%) was detected after the treatment of de-
blocked Gly-Gly-resin with 10% triethylamine in methylene chlo-
ride for 10 min followed by cleavage with HBr.
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The fungal sex hormone, antheridiol, has been synthesized in an overall yield of ~20% by aldol condensation
of 3/S-acetoxy-22,23-bisnor-A3-cholenaldehyde and the carbanion of /3-isopropylbut-2-enolide. This yielded the
acetate of 7-deoxy-7-dihydroantheridiol (22S.23R) which was hydrolyzed and then subjected to photooxygena-
tion and rearrangement to give antheridiol. The major product of the aldol condensation, the acetate of 7-
deoxy-7-dihydroantheridiol (22i?,23S), was converted to the desired isomer (22S,23fl) by Jones oxidation fol-
lowed by autoxidation and then borohydride reduction. The scope of the aldol condensation involving butenol-

ides has been investigated.

Antheridiol (1) is a hormonal substance which is se-
creted by female strains of the aquatic fungus, Achlya,
and which acts on male strains causing the formation of
antheridial hyphae, or male sex organs. Its isolation was
reported in 19672 and the elucidation of its structure in
1968.3 Shortly thereafter a synthesis was reported by
workers at the Syntex Corp., Calif.4 This paper gives de-
tails of work carried out at the New York Botanical Gar-
den which has led to a practical synthesis of the hor-
mone.5

Initially our objective was to synthesize the structure 1
without regard to the stereochemistry at C22 and C23. The
stereochemistry, which was unknown in 1968, has been
determined mainly from synthetic experiments by the
Syntex group. We planned to use a Reformatsky reaction
to link a C22 aldehyde directly to a C7 butenolide. A simi-
lar method had been used successfully to prepare the
structure 2, which at one time was suspected of being the
structure of antheridiol itself.6

Model experiments were first carried out with 3j3-ace-
toxy-22,23-bisnor-A5-cholenaldehyde (3) and the readily

prepared bromobutenolide (4). When a solution of these
compounds in benzene was heated with activated zinc
dust, a very low yield (~5%) of a condensation product

could be obtained. The crystalline product (mp 185-200°)
had spectral properties consistent with structure 5.

Thus the infrared spectrum had i/max 3420 (hydroxyl),
1799, 1767, 1733 cm-1 (lactone and acetate), and the nmr
spectrum showed, in particular, a doublet at 6 3.63 (J =
4.5 Hz) assigned to 22-H, a broad singlet at €5.9 assigned
to 23-H and doublets at 56.2 (J = 6 Hz) and 7.2 (J = 6
Hz) assigned to 25-H and 24-H, respectively. The mass
spectrum of had the base peak at m/e 312 (M -
CH3COOH - 84) indicating ready cleavage at the C22-
C23 bond with transfer of one hydrogen to the lactone,
similar to the case of antheridiol.

Encouraged by the success of the Reformatsky reaction,
we proceeded to prepare 7-bromo-/3-isopropylbut-2-enolide
(6). This was accomplished by treating 7 -bromobut-2-eno-
lide (4) with an ethereal solution of 2-diazopropane.7 An
unstable pyrazoline was formed which on heating in xy-
lene decomposed to give the desired compound in 35%
yield. Two other methods of making 6 were tried but were
unsuccessful. One method was allylic bromination of /3
isopropylbut-2-enolide (7), which gave a monobromo de-
rivative containing bromine exclusively in the side chain.
The other involved acid-catalyzed pyrolysis of 2,5-diace-
toxy-3-isopropyl-2,5-dihydrofuran. No 2-acetoxy-4-isopro-
pylfuran could be isolated. Only isomer 8 was obtained
and this, on bromination, gave 7-bromo-a-isopropylbut-
2-enolide (9).8

7 8 9

Reformatsky reaction of 6 and the aldehyde (10), which
had been synthesized previously,6 yielded a product which
possessed approximately 1% of the biological activity of
antheridiol. However, neither antheridiol nor any of its
isomers could be isolated from acid hydrolysis of the prod-
uct.

Other ways were therefore sought for condensing the
butenolide with the aldehyde. An attempt was made to
prepare the carbanion of 7, which is the intermediate in
the Reformatsky reaction above, by treatment of 7 with
trityllithium. We believed the carbanion should form
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readily because the electron-withdrawing effect of the lac-
tone oxygen would enhance the acidity of the allylic hy-
drogen on the adjacent carbon atom. Resonance stabiliza-
tion of the anion would also favor its formation.

In the event, addition of a solution of 7 in tetrahydrofu-
ran to a blood red solution of trityllithium at -30° in an
argon atmosphere resulted in rapid discharge of the color.
The resulting pale yellow solution was immediately cooled
to -70° and a solution of the aldehyde 10 in tetrahydrofu-
ran added. The mixture was kept at -70° for 30 min; then
the temperature was allowed to rise gradually to 0° during
30 min. The solution was then added to an excess of cold
(0°) solution of dilute hydrochloric acid.

The product after chromatography (50% vyield) exhib-
ited biological activity about 10% that of antheridiol. The
aldol reaction of 10 and 7 results in the creation of two
new asymmetric centers (C22 and C23), so that four ste-
reoisomers were to be expected, provided no epimerization
occurred at C20 in the reaction. In a similar condensation
involving a C22 aldehyde, the Syntex workers found no ev-
idence of epimerization at C20-4 Repeated chromatogra-
phy resolved the product into two components, and these
on gentle acid hydrolysis afforded mainly two isomers of
antheridiol. Thus one of the hydrolyzed components had
the same properties as those reported for the erythro iso-
mer of antheridiol.4 Recrystallization gave crystals with
lower biological activity while the residue from the mother
liquor had higher activity. However, no pure antheridiol
could be obtained from this residue despite repeated re-
crystallization and chromatography. The erythro isomer
and antheridiol (which also has the erythro configuration
at C22,C23) have the same Rt values in different solvent
systems and could not be separated by chromatography.
The other hydrolyzed component was later shown to be a
mixture of threo isomers containing mainly the 22R,23R
isomer.

Repetition of the aldol condensation of d-isopropylbut-
2-enolide with 3/3-acetoxy-22,23-bisnor-A5-cholenaldehyde
yielded the product 13 (70%) and the corresponding diol
14(5%).

The product was resolved by chromatography and frac-
tional crystallization into the following components. The
acetate of 7-deoxy-7-dihydroantheridiol (13, 22.3',23.fi), mp
164-166°; the erythro isomer (13, 22K,23S), mp 219-223°;
the threo isomer (13, 22R,23R), mp 202-208°; and the
threo isomer (13, 22S,23S), mp 175-180°, 195-198°. These
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OH

RO

13, R= Ac
14, R=H

isomers were formed in a ratio of approximately 1:10:2:1
(see Experimental Section). The more polar fractions
from the chromatography were a mixture of isomers of 7-
deoxy-7-dihydroantheridiol, containing mainly the erythro
isomer (14, 22i?,23S). The acetates were cleanly resolved
on thin layer chromatography (tic) using ethyl acetate-
petroleum ether or benzene-ether as solvents. The evi-
dence for the assignment of stereochemistry to the four
C22C23 stereoisomers is presented later. The mass spectra
of the acetates were very similar. All showed the highest
peak at m/e 438, which corresponds to loss of acetic acid
from the molecular ion (M+ 498). The most intense peaks
occurred at m/e 312 and 126 and result from a McLafferty
rearrangement involving cleavage of the C22-C23 bond and
transfer of a hydrogen to the lactone fragment. This cleav-
age is characteristic of the antheridiol side chain.

The infrared (ir) spectra of the acetates taken in KBr
showed several differences from each,other. The butenol-
ide and acetate carbonyl absorptions were partly merged,
the former appearing as a shoulder in the acetate peak in
the SR and SS isomers, but as a distinct peak in the RR
isomer. The carbonyl region in the RS isomer was more
complex, four distinct peaks being observed: 1818 (w),
1767 (s), 1739 (m), and 1715cm" 1 (s).

The nmr spectra of the acetates afforded the best
means of distinguishing the isomers. In particular, the
coupling constant between 22-H and 23-H in the erythro
isomers was 8.5-9.0 Hz, while for the threo isomers 23-H
appeared as a broad singlet indicating only weak coupling
with 22-H. These coupling constants are expected for
erythro and threo isomers from a consideration of non-
bonded interactions.9

It is clear from the Newman projections (Scheme 1)
shown that the conformer which contributes most (to the
mixture of the three staggered forms) will in both cases,
SR and RS, have a dihedral angle of 180° between the
protons, leading to a large coupling constant. In the threo
isomers the conformer which contributes most will have a
dihedral angle of 60°, leading to a small coupling con-



Synthesis of Antheridiol

stant, as is actually observed. In fact, the large difference
in the observed values for the erythro and threo isomers
suggests that each isomer exists mainly in a single confor-
mation.

The coupling constant between 22-H and 20-H appeared
to be small for all except the 22S,23S isomer in which a
value of 5 Hz was observed. The C2 and C27 methyl
groups appeared as a pair of doublets (J = 7 Hz) in all
four compounds.

The condensation of the aldehyde 3 and the butenolide
7 is quite stereoselective, one major product, the 22R, 23S
isomer, being formed. The stereoselectivity at C22 is simi-
lar to that obtained in other reported condensations in-
volving steroidal C22 aldehydes. For example, an attempt-
ed synthesis of 23-deoxyantheridiol yielded only the C22
epimer (22S).10 The configuration at C22 is correctly pre-
dicted by Cram’s rule as noted by Barton and cowork-
ers.11

Since the yield of the isomer possessing the same side-
chain stereochemistry as antheridiol (i.e., 22S,23R) was low,
attempts were made to change the stereochemistry at C22
and C23 in the other isomers by an oxidation-reduction
sequence. Thus Jones oxidation of 13 (227?,23S) gave an
almost quantitative yield of the 23S ketone 16 (mp 154-
158°, crude product). Similarly Jones oxidation of 13
(2272,237?) gave the 23R ketone 17, mp 156-160°. The nmr
spectra of the two ketones differ particularly in the chem-
ical shifts of the Ci8 and C2i methyl groups and of the
23-H proton. The circular dichroism curves are most dis-
tinctive, the curve for the 23S ketone being practically the
mirror image of that of the 23R isomer (Figure 1). The
very high values observed for the molar ellipticity indicate
that rotation about the C22-C23 bond is quite restricted
and one rotamer predominates in the case of the 23R iso-
mer and one in the case of the 23S isomer.12 The situation
is similar to that in the 22-hydroxy compounds (13) dis-
cussed above.

If the octant rule is applied to models of the two ke-
tones arranged so that steric interactions are at a mini-
mum, the butenolide ring will fall in a positive octant for
the 23R isomer and in a negative octant for the 23S iso-
mer. Therefore, the CD curves predict the same configu-
rations for the isomers as is found from the following inde-
pendent evidence. The acetate 13, mp 164-166°, which
can be converted directly to antheridiol, and the acetate
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13, mp 219-223°, are erythro isomers from nmr evidence
described above. In addition, the latter compound can be
hydrolyzed to give a diol which has the same properties as
those reported for the erythro isomer of 7-deoxy-7-dihy-.
droantheridiol.4 The configuration at C22 and C23 in anth-
eridiol has been definitely assigned as 225,237?.13 The
erythro isomer 13, mp 219-223°, which must therefore be
227?,23S, will give on oxidation a ketone possessing the S
configuration at C23. Since oxidation of 13, mp 202-208°,
yields a different ketone from that obtained from 13, mp
219-223°, the former ketone has the 237? configuration and
the parent compound is a threo isomer (2277,237?). The
fourth isomer 13, mp 175-180°, 195-198°, has the threo
configuration (22S.23S) also.

H OH
1 * . "y I,
Yo T 6
°Y1 |
0 0

SR RS

OR

0 0

RR SS

The CD curves of the ketones 16 and 17 were measured
in chloroform or dioxane in which the compounds are sta-
ble. In solution in methanol the ketones both showed uv
maxima at 321 and 363 nm. Addition of a drop of alkali
caused a sharp increase (over tenfold) in the intensity of
the 363-nm maximum and disappearance of the 321-nm
maximum, indicating that the former was produced by
the enolate anion shown (Scheme Il). In agreement, acidi-
fication resulted in immediate disappearance of the 363-
nm peak and reappearance of the 321-nm peak.

Scheme 11

When the ketone 16 or 17 was run on tic with ethyl ace-
tate-petroleum ether, a single spot with an 77f greater
than that of the parent alcohol 13 was observed. However,
if the developing solvent was chloroform-methanol, at
least three spots resulted. Examination of these spots
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showed that the ketone was undergoing autoxidation and
the main product was identified as the 23-hydroxy ketone
18.

The yield of 18 could he increased to about 80% by stir-
ring a solution of 16 or 17 in tetrahydrofuran-methanol
(3:1) with silica gel overnight. A by-product of the reaction
was 3]8-acetoxy-22,23-bisnor-A5-cholenic acid, formed by
oxidative cleavage of the C22-C 23 bond in 16 or 17.

The ketones undergo autoxidation very readily because
the enolate anion can form in the presence of methanol
which acts as a base. The reaction of an enolate anion
with molecular oxygen is well known, and a mechanism
can be written which explains the formation of the two
products.14'1®

The formation of the hydroxy ketone 18 was important
because this compound could be cleanly reduced with so-
dium borohydride to one having the hydroxy butenolide
side chain of antheridiol. Treatment of 16 itself with sodi-
um borohydride in ethanol gave a yellow solution of the
enolate anion and no hydroxy butenolide could be isolat-
ed. It is interesting to note that butenolides containing
hydrogen on the 7 carbon such as antheridiol and d-iso-
propylbut-2-enolide are attacked by borohydride with re-
duction of the double bond. When the 7 position is fully
substituted as in 3,7 i7 -frimethylbut-2-enolide, no reduc-
tion of the double bond occurs. Presumably the presence
of a 7 hydrogen will result in the formation of a carbanion
in the presence of base. Rearrangement gives a carbonyl
(via an enol) which is reduced by the borohydride.

Different conditions for the reduction of 18 were tried.
The most satisfactory was reaction of excess sodium bor-
ohydride with a solution of 18 in tetrahydrofuran-ethanol
(3:1) at 10° for 20 hr. A nearly quantitative yield of 13 was
obtained which contained approximately 20% of the
22S,23/2 isomer. This isomer could be separated and the
remaining material put through the oxidation-reduction
sequence again in order to produce more of the desired
isomer. In this way the yield of 13 with the side-chain
stereochemistry of antheridiol could be increased consid-
erably.

An attempt was also made to invert the configuration at
C22 in the isomer 13 (22R,23R). Treatment of the latter
with methanesulfonyl chloride gave the 22-mesylate as
well as much elimination product. However when the
mesylate was heated with tetrabutylammonium formate,
only elimination occurred.16 This result ismotr surprising
since the C22 position is hindered and elimination will be
favored over substitution. Elimination also produces an
extended conjugated system, another reason in its favor.

In order to complete the synthesis of antheridiol, the
acetate 13 (22S,23R) was hydrolyzed to the diol. Condi-
tions had to be carefully chosen since the hydroxy buteno-
lide structure was sensitive to base and to hydrochloric
acid in methanol. However dilute sulfuric acid in dioxane
gave avery high yield of the diol.

The final step in the synthesis was the introduction of
the 7-ketone. The most convenient method was that first
employed by the Syntex group.4 Photooxygenation of the
diol 14 in the presence of a sensitizer, hematoporphyrin,
gave a high yield of the 5a-hydroperoxide. The hydro-
peroxide from the 22R,23S isomer was quite unstable and
was easily converted to the 7-ketone in about 60% yield by
treatment with cupric chloride in pyridine for 24 hr. The
hydroperoxide from the 22S,23R isomer was obtained
crystalline. It was more stable and longer treatment and
more cupric chloride were required in order to obtain a
50% conversion to the corresponding 7-ketone (antheri-
diol).

Another method of introducing the 7-ketone involved
conversion of the diol 14 to the bistetrahydropyranyl
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ether. The latter was then oxidized with Collins reagent to
give the 7-ketone.17 Careful acid hydrolysis removed the
tetrahydropyranyl protecting groups though some elimina-
tion of the 3/3-hydroxyl could not be prevented. The yield
in this method was about 35%. The synthetic antheridiol
had the same properties, including biological activity, as
the natural hormone. The method of synthesis described
here affords pure antheridiol in an overall yield of ap-
proximately 20% from the readily accessible 3/3-acetoxy-
22,23-bisnor-A5-cholenaldehyde (3). The results of biologi-
cal tests of antheridiol and certain synthetic intermedi-
ates in Achlya and other systems will be reported else-
where.

The scope of the aldol condensation of butenolides such
as 7 with aldehydes has been investigated further. When
excess of «-methylbut-2-enolidel8 was added to trityllith-
ium and the resulting pale yellow solution treated with
the aldehyde 3, a low yield (~30%) of condensation prod-
uct was obtained. Spectral and analytical properties sup-
port the structure 19. As in the case of 13 a mixture of
four stereoisomers is formed, the main component being
probably the 22R,23S isomer. The major product (50%)
from the condensation was a crystalline compound whose
spectral properties indicated the structure 20. Thus the
mass spectrum showed the molecular ion at m/e 342 and
base peak at m/e 243 (CigHis+j, the latter due to the tri-
phenylmethyl ion. The lactone 20 results from nucleophil-
ic attack of trityl carbanion on the fl carbon of the bu-
tenolide.19 The hindered tertiary carbanion appears to be
involved rather than one of the ring carbons as observed
in the reaction of trityllithium and benzophenone.20 In
the latter case the nmr spectrum of the adduct showed a
signal at 55.53. Triphenylmethane itself shows a methine-
H singlet at 8 5.52. No signal occurs in this region for the
adduct 20.

The reaction which gives 20 competes well with ab-
straction of a 7 hydrogen from the butenolide. When aldol
condensation was attempted with but-2-enolide,18 no
product analogous to 13 could be isolated. As expected,
lactone 21, the Michael adduct of triphenylmethane and
but-2-enolide, was obtained, though in low yield (10%).
The major product (70%) was a steroid which is assigned
the structure 22.

Because but-2-enolide has no methyl group which can
hinder the approach of the trityl anion and also contribute
an inductive effect, adduct formation proceeds almost ex-
clusively in this case. The intermediate a anion then
reacts with the steroid aldehyde to give 22. The condensa-
tion product 22 has been partially resolved.
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Another interesting possibility in condensations involv-
ing butenolides was observed in snythesis of . A by-
product (5%) which was present in chromatographic frac-
tions containing 13 2ff,23S) had properties consistent
with the structure 2 . In particular, the nmr spectrum

OH

showed a singlet at 5 4.74 for two protons a to oxygen in
the butenolide ring. d-lsopropylbut-2-enolide (7) shows a

rresponding signal at 5 4.80 (d, J = 2 Hz). Oxidation of
E with Jones reagent gave the 22-ketone, 232 nm (e
i 900). The uv spectr was not affected by alkali (c/.
é. The formation of involves addition of the a carb-
anion of 7 to the aldehyde J followed by rearrangement of
the intermediate anion to give the a,/3-unsaturated buteno-
lide.21

Experimental Section22

Reformatsky Reaction of 3d-Acetoxy-22,23-bisnor-A6-cholen-
aldehyde (3) and 7-Bromobut-2-enolide (4). The method was
the same as that used for the preparation of 2 described in an
earlier paper.6 Chromatography of the crude product with ethyl
acetate-petroleum ether gave a fraction which crystallized on
adding methanol. The crystals of 5 obtained in a yield of 5% from
«he aldehyde appeared homogeneous by tic: mp 185-200°; ir 3420,
1799, 1767, 1733 cm "L nmr S0.71 (18 H), 1.03 (19 H), 1.04 (d, J
= 6 Hz, 21 H), 2.03 (acetate), 3.63 (d, J = 4.5 Hz, 22 H), 5.37 (m,
6 H), 59 (m, 23 H), 6.22 (d,J = 6 Hz, 25 H), 7.21 (d, J = 6 Hz,
24 H); mass spectrum m/e 396 (M - 60), 312 (M - 60 - 84), 84
(CaH40 2+).

d-Isopropyibut-2-enolide (7). To a three-necked flask in an
ice-salt bath were added acetic anhydride (2 1.), potassium ace-
tate (260 g), and 3-methylbut-l-ene (50 g). The mixture was
stirred and powdered KMnO04 (340 g) added gradually during 3
hr.23 Care was taken to maintain the temperature of the mixture
below 5°. The stirring was continued for a further 5 hr at ~5° and
then cold ethyl acetate (2 1.) was added, followed by an ice-cold
solution of sodium bisulfite (450 g) in water (3.5 I.).~The organic
layer was separated and the aqueous solution neutralized with
sodium bicarbonate and extracted with ethyl acetate. The com-
bined ethyl acetate extract was washed with saturated NaHCO03
solution, water, then dried (Na2S04), and distilled to give 1-ace-
toxy-3-methylbutan-2-one (37 g): bp 90° (2 mm); ir (neat) 1730
cm'L, nmr S112 (d, J = 7 Hz, isopropyl CH3), 2.13 (acetate),
2.72 (m, methine H), 4.74 (s, methylene H). An alternative meth-
od for making this compound involved reaction of isopropylmag-
nesium bromide with glycolonitrile and acetylation with acetic
anhydride-pyridine of the product, I-hydroxy-3-methylbutan-2-
one.24 The ketoacetate (37 g) and ethyl bromoacetate (45 g) in
dry benzene (180 ml) were added gradually to activated zinc
dust,6 and the mixture was gently warmed. When the reaction
became vigorous, the heating was stopped and the remaining so-
lution added at such a rate as to maintain the reflux. The mix-
ture was refluxed for a further 2 hr. It was cooled, diluted with
benzene, and acidified with dilute H2S04. The benzene layer was
separated, washed with water, and dried (Na2S04); the solvent
was removed, leaving an oil which was chromatographed, then
distilled under reduced pressure to give 7, (10 g); bp 90° (1.75
mm); ir 1775, 1740, 1626 cm"1; nmr 5 1.22 (d, J = 7 Hz, isopropyl
CHB3), 2.75 (m, methine H), 4.84 (d, J - 2 Hz, methylene H), 5.83
(g, vinyl H).

The butenolide 7 (126 mg) in carbon tetrachloride (3 ml) was
heated with IV-bromosuccinimide (178 mg) under illumination
from a 100-W lamp. The reaction was complete within 30 min.
The mixture was cooled and filtered, and the solvent was re-
moved from the filtrate leaving a yellow oil. This gave a single
spot on tic and the nmr indicated that bromine was present ex-
clusively in the allylic position on the side chain: nmr (CC14) a
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2.05 (s, CH3), 5.02 (d, J = 2 Hz, methylene H), 4.95 (t, J = 2 Hz,
vinyl H).

Pyrolysis of 2,5-Diacetoxy-3-isopropyl-2,5-dihydrofuran. 4-
Isopropyl-2-furoic acid was prepared according to the method of
Elming.25 Decarboxylation by the method of Piers and Brown26
gave better yields of d-isopropylfuran than those reported by
Elming.25 Treatment of the furan with lead tetraacetate afforded
the diacetoxy dihydro derivative.27 The latter compound (250
mg) and a crystal of toluenesulfonic acid28 were heated at 100° for
10 min in a sublimation tube under reduced pressure (2 mm).
The liquid darkened rapidly and a distillate was formed which
collected in a trap cooled with Dry Ice-acetone. The distillate
(=100 mg) was a mixture of acetic acid and 2-acetoxy-3-isopro-
pylfuran (8). The nmr spectrum (CC14) of 8 had S1.14 (d,J = 7
Hz, isopropyl CH3), 2.25 (acetate), 2.65 (quintet, J = 7 Hz, meth-
ine H), 6.23 (d, J = 2 Hz, 4 H), 6.98 (d, J = 2 Hz, 5 H). The
structure was confirmed by adding a solution of bromine in car-
bon tetrachloride to one of the furan in carbon tetrachloride
(cooled to -10°) until the bromine color just persisted. Excess of
bromine was avoided by adding a little more of the furan.27 The
nmr spectrum (CC14) of the product, 7-bromo-a-isopropylbut-2-
enolide (9) had b1.24 (d, J = 7 Hz, isopropyl CH3), 2.75 (quintet,
J = 7 Hz, methine H), 6.83 (t,J = 1Hz,7 H), 71 (t,J = 1Hz, 0
H).

7-Bromo-d-isopropylbut-2-enolide (6). 2-Acetoxyfuran was
converted to 7 -bromobut-2-enolide27 which was purified by distil-
lation followed by chromatography with ethyl acetate-petroleum
ether: nmr (CC14) 56.2 (pair ofd,J = 5and 1Hz, a H), 7.0 (t, J
- 1Hz, 7 H), 7.70 (pair of d, J = 5and 1 Hz, 0 H). The bromo-
butenolide (2.2 g) was treated with an excess of an ethereal solu-
tion (0°) of 2-diazopropane7 (100 ml) prepared from acetone-
hydrazone (5 g). Reaction was rapid as indicated by immediate
discharge of the red color. Toward the end of the addition the
color persisted and some oily material separated. The reaction
mixture was kept at 0° overnight; then benzene (100 ml) was
added and the mixture concentrated to one-half the volume. (If
all the solvent was removed the pyrazoline rapidly polymerized to
a black tar and gas was evolved.) Xylene (100 ml) was next
added and the mixture again concentrated to one-half the vol-
ume. Finally more xylene (50 ml) was added and the mixture re-
fluxed for 3 hr. Most of the xylene was distilled off [40-50° (1.0
mm)] and the residue chromatographed with ethyl acetate-petro-
leum ether (1:9) to give 6 in 35% vyield: ir 1799, 1767 sh, 1637
cm™1;, nmr (CC14) b 1.18, 1.33 (pair of d, J = 7 Hz, isopropyl
CH3), 2.89 (m, methine H), 583 (d, J = 1 Hz, a-H), 6.75 (s,
7-H); mass spectrum m/e 204 (M+), 206.

Anal. Calcd for C7TH902Br: C, 40.98; H, 4.39; O, 15.61; Br,
39.02. Found: C, 40.74; H, 4.53; 0, 15.79: Br, 39.26.

Reformatsky Reaction of 3/5-Tetrahydropyranyloxy-22,23-
bisnor-A57-ketocholenaldehyde (10) and 7-Bromo-/3-isoprop
ylbut-2-enolide (6). The aldehyde (800 mg) and the bromobu-
tenolide (400 mg) were dissolved in dry benzene (20 ml), and the
solution was refluxed with activated zinc dust (200 mg) as de-
scribed earlier.6 The crude product had about 1% of the biological
activity of antheridiol. A portion of the product was treated with
dilute HC1 in methanol (0.08 ml of 6 A HC1 in 100 ml of metha-
nol) to remove the tetrahydropyranyl group and then chromato-
graphed with ethyl acetate-petroleum ether. However, no crystal-
line antheridiol or any of its isomers could be isolated.

Condensation of Aldehyde 10 with /3-lIsopropylbut-2-enolide
(7). Butyllithium (0.6 g, 90% in hydrocarbon, obtained from Ven-
tron Corp., Beverly, Mass.) was weighed into a three-necked flask
previously flushed out with argon. Extreme care was taken to
avoid contact with air during the weighing,,(The butyllithium
was stored in a desiccator with an argon atmosphere.) Triphenyl-
methane (2.86 g) in tetrahydrofuran (10 ml) freshly distilled from
lithium aluminum hydride, was added dropwise during 10 min to
the butyllithium in the flask (argon atmosphere), cooled to ca
-30° in an acetone bath containing enough Dry Ice to maintain
the temperature. A deep red solution formed immediately. The
solution was stirred (magnetic stirrer) at -30° for 30 min, then
allowed to come gradually to room temperature, and stirred for a
further 30 min. It was then cooled to —30° and a solution of 7 (1.0
g) in tetrahydrofuran (15 ml) was added dropwise with stirring.
Towards the end of the addition, which required only a few min-
utes, the red color was discharged. The pale yellow solution was
quickly cooled to ca. -72° and the aldehyde 10 (1.25 @) in tet-
rahydrofuran (25 ml) added gradually. The reaction mixture was
stirred at -72° for a further 30 min and then allowed to come to
room temperature during 30 min. It was added to an excess of di-
lute HC1 (0°) with vigorous stirring. A semisolid precipitate was
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obtained, so the mixture was extracted with ether and the extract
washed (H20) and dried (NaaSCU). The ether was distilled off
and the residue chromatographed with ethyl acetate-petroleum
ether. Early fractions gave triphenylmethane. The crystalline
condensation product 11 (0.7 g) possessed about 10% of the bio-
logical activity of antheridiol. It was resolved by further chroma-
tography into two main components. One component (0.4 g) was
recrystallized from methanol: mp 221-223° ir 1767, 1660, 1626
cm-1; nmr b 0.70 (18 H), 1.04 (d, J = 7 Hz, 21 H), 1.20 (19 H),
1.19, 1.23 (pair of d, J = 7 Hz, 26 and 27 H), 3.64 (d, J = 9 Hz, 22
H), 490 (d, J = 9 Hz, 23 H), 5.68 (s, 6 H), 575 (t, J = 1 Hz, 28
H

).

Anal. Calcd for C34H5306-0.25CH30H: C, 73.07; H, 9.13; O,
17.77. Found: C, 73.06; H, 9.55; 0 , 17.25.

This component was hydrolyzed by treatment with dilute HC1
in methanol (0.08 ml of 6N HCL in 100 ml of methanol at 0° for 30
min). The crystalline product obtained in high yield was also
~10% as active as antheridiol. It gave a single spot on tic which
had the same 77t as antheridiol in all solvent systems studied, e.g.
in CHCI3MeOH (15:1), R[ 0.43. Recrystallization from methanol
gave long needles, mp 260-265° dec. The spectral properties were
identical with those of the erythro isomer of antheridiol (see
later). The biological activity of the crystals was less than that of
the starting material, while that of the residue from the mother
liquor was higher. However, despite further crystallization and
chromatography of the residue, no pure antheridiol could be iso-
lated. The major component of the condensation product is thus
the erythro isomer (227?,23S). The other main component (0.17 g)
on hydrolysis gave crystals of the threo isomer (227?,237?) of anth-
eridiol (see later).

Condensation of 3/3-Acetoxy-22,23-bisnor-A5-cholenaldehyde
(3) with d-Isopropylbut-2-enolide (7) n-Butyllithium (1.68 g)
was treated with excess of triphenylmethane (8.6 g) in tetrahy-
drofuran (35 ml) to form trityllithium as described above. The
red solution was treated with an excess of 7 (2.71 g in 20 ml of te-
trahydrofuran) and the resulting carbanion allowed to react with
the aldehyde 3 (6.32 g in 40 ml of tetrahydrofuran). The gummy
product (17.6 g) was chromatographed with ethyl acetate-petrole-
um ether, 100-ml fractions being collected. Early fractions con-
tained triphenylmethane. Unreacted aldehyde (~1.2 g) was elut-
ed in fractions 13-17. It was followed by a product (~0.5 Q)
formed from elimination of the 22-OH in 13. Unreacted butenol-
ide, 7, was eluted in the first fractions, 21-23, containing 13
(22S,237?). Fractions 23-25 contained almost pure 13 (22S.237?)
(0.47 g) which was recrystaliized from ethyl acetate-petroleum
ether: mp 164-166°; ir 1760 sh, 1733, 1637 cm-1; nmr b 0.70 (18
H), 1.02 (19 H), 1.17, 1.22 (pair of d, J = 6.5 Hz, 26 and 27 H),
2.03 (acetate), 361 (d, J = 9 Hz, 22 H), 494 (d, J = 9 Hz, 23 H),
54 (m, 6 H), 578 (t, J = 1 Hz, 28 H); mass spectrum m/e 438,
420, 312,126; CD max [0]2i8nm +37,350° (dioxane).

Anal. Calcd for C31H4605: C, 74.66; H, 9.30. Found C, 74.24; H,
9.45.

Fractions 26 and 27 contained the isomer 23 which was ob-
tained pure after recrystallization from methanol (50 mg): mp
169-171°, on further heating it solidified then melted again at
180-181°; ir 1740, 1667 cm'1l; nmr b 0.70 (18 H), 1.02 (19 H), 112
(d, J = 6.5 Hz, 26 and 27 H), 2.02 (acetate), 3.49 (d,J = 3Hz, 22
H), 4.74 (s, 28 H), 5.37 (m, 6 H); mass spectrum m/e 438, 420.

Anal. Found: C, 74.75; H, 9.52.

Fractions 26-39 were mainly 13 (227?,23S) (4.29 g) which on re-
crystallization from methanol or ethyl acetate-petroleum ether
gave pure compound: mp 219-223°; ir 1818 (w), 1767 (s), 1739 (w),
1715 cm* 1 (s); nmr 50.72 (18 H), 1.03 (19 H), 1.05 (d, J = 6.5 Hz,
21 H), 1.18, 1.23 (pair of d, J = 7 Hz, 26 and 27 H), 2.03 (ace-
tate), 3.6 (d, J = 85 Hz, 22 H), 491 (d, J = 85 Hz, 23 H), 54
(m, 6 H), 577 (t, J = 1 Hz, 28 H); mass spectrum m/e 438, 420,
312, 126; CD max [0]2i8nhm —49,800° (dioxane).

Anal. Found: C, 74.54; H, 9.33.

Fractions 45-55 were mainly 13 (227?,237?) (0.9 g) which on re-
crystallization from ethyl acetate-petroleum ether gave pure
compound: mp 204-208°; ir 1760, 1733, 1637 cm-1; nmr b 0.73 (18
H), 1.03 (19 H), 1.13 (d, J = 6 Hz, 21 H), 1.17, 1.25 (pair of d, J
= 7 Hz, 26 and 27 H), 2.03 (acetate), 3.9 (broad s, 22 H), 4.9
(broad s, 23 H), 5.4 (m, 6 H), 5.82 (t, J = 1 Hz, 28 H); mass spec-
trum m/e 438, 420, 312,126.

Anal. Found: C, 74.63; H, 9.03.

Fractions 56-58 contained mainly 13 (22S.23S) (—0.5 g) but
with a small amount of the isomer 13 (227?,237?). Preparative tic
followed by recrystaliization gave pure 13 (22S.23S): mp 175-180°,
195-198°; ir 1736, 1637 cm '1; nmr S0.75 (18 H), 1.03 (19 H), 1.13
(d,J = 7Hz, 21 H), 1.18, 1.26 (pair of d, J = 7 Hz, 26 and 27 H),
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2.02 (acetate), 3.89 (d, J = 4.5 Hz, 22 H), 5.07 (broad s, 23 H), 5.4
(in, 6 H), 582 (t, J = 1 Hz, 28 H); mass spectrum m/e 438, 420,
312,126.

Anal. Found: C, 74.35; H, 9.31.

Later fractions from the chromatography contained a mixture
of isomers of 7-deoxy-7-dihydroantheridiol (14) (~0.2 g), but
these could be separated only by preparative tic with multiple
development.

Hydrolysis of the 3-Acetate of 7-Deoxy-7-dihydroantheri-
diol (13). A solution of the acetate 13 (22S.231?) (45 mg) in diox-
ane (20 ml) was refluxed with 5% H2SO4 (5 ml) for 1 hr. Most of
the solvent was removed under reduced pressure and cold water
added, giving a crystalline precipitate of the diol 14 (38 mg). On
crystallization from methanol it had mp 234-238° ir 1740 cm 'L,
nmr b 0.70 (18 H), 1.02 (19 H), 1.17, 1.22 (pair of d, J = 6.5 Hz,
26 and 27 H), 361 (d, J = 9 Hz, 22 H), 494 (d, J = 9 Hz, 23 H),
5.4 (m, 6 H), 5.78 (t,J = 1 Hz, 28 H).

Anal. Calcd for C29HMOA4-0.25CH30H: C, 75.65, H, 9.70.
Found: C, 75.98; H, 9.95.

The erythro isomer 14 (227?,235) was obtained in the same way:
mp 209-211°; ir 7167 sh, 1745 cm 'L, nmr &0.72 (18 H), 1.02 (19 H),
1.04 (d, J = 7 Hz, 21 H), 1.18, 1.23 (pair of d, J = 7 Hz, 26 and 27
H), 361 (d, J = 85 Hz, 22 H), 493 (d, J = 85 Hz, 23 H), 5.38
(m, 6 H), 5.79 (t,J = 1 Hz, 28 H); mass spectrum m/e 456 (M +),
438, 420, 405, 330, 312, 297, 284, 271, 255, 213.

Anal. Calcd for C29H4404-0.25CH30H: C, 75.65; H, 9.70.
Found: C, 75.56, H, 9.98.

Similar hydrolysis of the threo isomer 13 (227?,237?) gave the
corresponding diol: mp 192-196° (methanol); ir 1748 cm-1; nmr b
0.73 (18 H), 1.03 (19 H), 113 (d, J = 6 Hz, 21 H), 1.17, 1.25 (pair
of d, J = 7 Hz, 26 and 27 H), 3.94 (broad s, 22 H), 4.91 (broad s,
23 H), 5.38 (m, 6 H), 5.83 (t, J = 1 Hz, 28 H).

Anal. Calcd for C29H4404-CH30OH: C, 73.73; H, 9.90. Found: C,
73.84; H, 9.69.

Hydrolysis of the threo isomer 13 (22S.23S) gave the corre-
sponding diol: mp 248-252° (ethyl acetate); ir 1745 cm'1l; nmr
(CDC13-CD30D, 3:1) b 0.78 (18 H), 1..03 (19 H), 113 (d, J = 7
Hz, 21 H), 1.21, 1.28 (pair of d, J = 7 Hz, 26 and 27 H), 4.05
(broad peak, 22 H), 5.11 (broad s, 23 H), 5.33 (m, 6 H), 5.82 (t, J
= 1Hz, 28 H).

Anal. Calcd for C29H4404: C, 76.27; H, 9.71. Found: C, 75.76;
H, 9.61.

Antheridiol (1). A solution of 130 mg of the diol 14 (22S,237?)
and 13 mg of hematoporphyrin in 18 ml of pyridine contained in a
Pyrex tube 2 cm X 15 cm was irradiated for 24 hr with two 15-W
fluorescent lamps placed close to the tube while oxygen was
passed through the solution.4 The dark brown solution was dilut-
ed with ether (100 ml), stirred with activated charcoal, and then
filtered through Celite. Removal of solvent from the filtrate gave
the crystalline hydroperoxide which from tic appeared nearly
pure. It was dissolved in 10 ml of pyridine and, after adding 6 mg
of CuCl2-2H20, was aSowed to stand at room temperature for 3
days. (Shorter times resulted in lower yields of antheridiol.) The
pyridine was removed in vacuo and the residue chromatographed
(preparative tic, two silica gel plates, CHCI3-MeOH, 15:1) to give
66 mg of pure antheridiol: mp 244-248° dec (methanol): ir 1740,
1672, 1626 cm -1, nmr (CDC13-CD30D, 3:1) b0.72 (18 H), 1.23 (19
H), 1.17, 1.23 (pair of d, J = 7 Hz, 26 and 27 H), 3.6 (broad d, J
= 8 Hz, 22 H), 4.98 (broad d, J = 8 Hz, 23 H), 5.70 (s, 6 H), 5.79
(broad s, 28 H).

The erythro isomer of antheridiol was prepared similarly from
the diol 14 (227?,23S) (100 mg). The intermediate hydroperoxide
was less stable and could not be isolated crystalline. Treatment
with CuClI2-2H20 (3 mg) for 24 hr gave the 7-ketone (62 mg): mp
260-263° (methanol); ir 1759, 1650, 1631 cm-1; nmr (CDC13
CD30D, 3:1) b 0.74 (18 H), 1.06 (d, J = 6.5 Hz, 21 H), 1.23 (19
H), 3.6 (d, J = 85 Hz, 22 H), 496 (d, J = 85 Hz, 232 H), 5.7 (s, 6
H), 5.78 (t,J = 1Hz, 28 H).

Anal. Calcd for C29Hi205-0.25CH30H: C, 73.37; H, 9.06.
Found: C, 73.41; H, 9.13.

The threo isomer (22R,23R) of antheridiol (29 mg) was pre-
pared from the diol 14 (227?,231?) (42 mg): mp 209-213° (ethyl ac-
etate-petroleum ether); ir 1761,1742,1678,1637 cm-1.

Anal. Calcd for C29H4205: C, 74.01; H, 9.00. Found: C, 74.32;
H, 9.11.

The threo isomer (22S,23S) (18 mg) was prepared from the diol
14 (22S.23S) (25 mg): mp 260-263°; ir 1742, 1672, 1637 cm -1, nmr
(CDC13-CD30D, 4:1) b0.78 (18 H), 1.23 (19 H), 1 .21, 1.26 (pair of
d,J = 7 Hz, 26 and 27 H), 5.13 (broad s, 23 H), 5.71 (s, 6 H), 5.85
(t,J = 1Hz, 28H).

An alternative route to antheridiol and its isomers was as fol-



Synthesis of Antheridiol

lows: 50 mg of the diol 14 (22fl,23S) was converted to the bis-
tetrahydropyranyl ether with dihydropyran and a trace of p-tol-
uenesulfonic acid. The ether was dissolved in methylene chloride
(3 ml), and a slurry of 400 mg of Collins reagentt7 in methylene
chloride (2 ml) was then added. Tarry material formed quickly.
The mixture was stirred for 18 hr, more Collins reagent (150 mg)
added, and the stirring continued for 7 hr. The mixture was fil-
tered through a column of silica gel and the column eluted with
ethyl acetate. Removal of solvent from the combined filtrate gave
35 mg of the 7-ketone. It was treated with dilute HC1 in methanol
(0.08 ml of 6N HCL1 in 100 ml of MeOH) for 1 hr at room tempera-
ture. Ethyl acetate was added; then most of the solvent was re-
moved in a stream of N2 and the residue chromatographed with
chloroform-methanol (15:1) to give 17 mg of the erythro isomer
of antheridiol. About 6 mg of the A3'5-dien-7-one was also obtained.
This resulted from elimination of the 3/3substituent.

Oxidation of the Acetate of 7-Deoxy-7-dihydroantheridiol
(13). Jones reagent29 (4 ml) was gradually added to a stirred so-
lution of 13 (22#,23S) (1 g) in 150 ml of acetone cooled to 0°. The
mixture was kept at 0° for 1 hr; then methanol was added to de-
stroy any excess reagent. Most of the solvent was removed in
vacuo, and cold water added to precipitate the crystalline ketone
16 (0.98 g): mp 154-158° uv max (MeOH) 212 nm (t 7000), 225 sh
(6000), 321 (1900), 363 (650). The intensity of the 321- and 363-nm
maxima depended on the concentration of the solution, being
more intense at lower concentrations; uv (MeOH/drop of dilute
NaOH solution) 363 nm (t 30,000); uv (MeOH/dilute HC1) 212
nm ‘f 6200), 225 sh (5900), 321 (2100); ir 1802, 1770, 1733, 1724
cm-1 nmr b 0.67 (18 H), 1.02 (19 H), 1.18 (d, J = 7 Hz, 21 H),
121, 1.23 (pair of d, J = 7 Hz, 26 and 27 H), 2.03 (acetate), 5.33
(d, J = 2 Hz, 23 H; the signal partly overlapped that at 5.4 due
to 6 H), 592 (t, J = 1 Hz, 28 H); mass spectrum m/e 436 (M -
60), 421, 371,328, 279; CD max [0]3d -61,400°.

Oxidation of 55 mg of 13 (222?,23i?) in the same way with Jones
reagent gave 52 mg of the ketone 17: mp 156-160° uv same as
that of 16; ir 1802, 1770, 1733, 1724 sh cm-1; nmr b 0.73 (18 H),
098 (d, J = 7 Hz, 21 H), 1.03 (19 H), 1.21, 1.23 (pairof d,J = 7
Hz, 26 and 27 H), 2.03 (acetate), 5.23 (d, J = 2 Hz, 23 H), 5.4 (m,
6 H), 5.88 (t,J= 1Hz, 28 H); CD max [0]302 +46,000°.

Autoxidation of Ketone 16. A solution of 500 mg of 16 in 150
ml of tetrahydrofuran-methanol (2:1) was stirred with 20 g of sili-
ca gel-G for 24 hr. The uv spectrum (NaOH-MeOH) then showed
that no starting material remained. The solution was filtered and
the solvent removed leaving a white solid which was crystallized
from ethyl acetate-petroleum ether to give 200 mg of the 23-hy-
droxy ketone (18). Chromatography of the residue from the moth-
er liquor gave 175 mg more of 18: mp 214-217°; ir 3340, 1779, 1730,
1709 cm*“1; nmr 5 0.67 (18 H), 1.01 (19 H), 2.02 (acetate), 54
(m, 6 H), 6.11 (d, J = 1.5 Hz, 28 H); mass spectrum m/e 452 (M
- 60), 408, 283 (base peak).

Anal. Calcd for C31H4406: C, 72.63; H, 8.65; 0, 18.72. Found:
C, 72.44; H, 8.59; O, 18.94.

Later fractions from the chromatography gave 70 mg of a pure
compound which was identified as 3d-acetoxy-22,23-bisnor-A5
cholenic acid by comparison with an authentic sample. Several
experiments were performed in which the concentration of 16, the
nature of the solvent, and the amount of silica were varied. The
conditions described above gave the best yield of 18.

Sodium Borohydride Reduction of 18. Sodium borohydride
(15 mg) was added to a solution of 30 mg of 18 in 3 ml of tetrahy-
drofuran-ethanol (3:1) and the mixture allowed to stand at 10°
for 20 hr. The solvent was removed in a stream of N2 and water
followed by a few drops of dilute HC1 was added to the residue.
The white insoluble solid was filtered, washed (H20), dried, and
chromatographed to give 6 mg of 13 (22S,23R), 16 mg of 13
(22-R.23S), and 5 mg of a mixture of the threo isomers of 13. The
reduction was repeated with different solvents, e.g., tetrahydrofu-
ran-methanol, 2-propanol, and dioxane-water, but the proportion
of the desired isomer 13 (225,23#) was not as good as that ob-
tained above. When ethanol alone was used as solvent, an almost
guantitative yield of diols 14 was obtained.

Condensation of Aldehyde 3 with a-Methylbut-2-enolide.18
The butenolide (1.33 g) and the aldehyde (4.0 g) were condensed
in the same way as described earlier for the preparation of 13.
The crude product (8.3 g) on chromatography with ethyl acetate-
petroleum ether gave first the adduct 20 (2.3 g): mp 221-222°
(ethyl acetate), uv max (EtOH) 199 nm (f 72,400), 245 (687), 258
(730), 265 (653), 271 (425); ir 1767, 1600, 1496 cm*“1; nmr b 1.40
(d, J = 7.5 Hz, methyl), 2.58 (d of g, J = 8 Hz, J = 2.5 Hz, meth-
ine H), 3.8-4.8 (m, methine H + 2H a to oxygen), 7.25 (s, 15 aro-
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matic H); mass spectrum m/e 342 (M+), 243 (C19Hi5+, base
peak), 165 (C13H9+)-

Anal. Calcd for C24H2202: C, 84.18; H, 6.48. Found: C, 84.34;
H, 6.46.

Later fractions from the chromatography contained an isomeric
mixture of 19 (1.85 g). The main component was obtained pure by
recrystallization from ethyl acetate-petroleum ether: mp 220-
224°; ir 1767 sh, 1733 cm '1; nmr b 0.72 (18 H), 1.03 (19 H), 1.95
(t, 3 = 15 Hz, 27 H), 2.03 (acetate), 353 (d, J = 7 Hz, 22 H),
493 (m, 23 H) 54 (m, 6 H), 7.03 (t, J = 15 Hz, 24 H); mass
spectrum m/e 410 (M - 60), 312 (M - 98 - 60).

Anal. Calcd for C29H420 5: C, 74.01; H, 9.00. Found: C, 73.79;
H, 9.11.

The other components of the isomeric mixture were present in
smaller amount and were well resolved on tic, but were not ex-
amined in detail.

Condensation of Aldehyde 3 with But-2-enolide.18 But-2-eno-
lide (1.83 g) and the aldehyde (6.1 g) were condensed as described
above and the crude product (15.4 g) was recrystallized from
ethyl acetate (5.1 g). A portion of this material (200 mg) was re-
solved into two components by preparative tic with CHCI3-
MeOH (100:3). One component, 22 (81 mg), had mp 168-174°,
236-238° (MeOH): ir 1780 sh, 1761, 1739, 1603, 1497, 1475, 754.
745, 705 cm*“ 1; nmr b 0.65 (18 H), 0.83 (d, J = 7 Hz, 21 H), 1.00
(19 H), 2.03 (acetate), 2.78 (d, J = 10 Hz, 23 H), 54 (m, 6 H),
7.30 (s, 15 aromatic H); mass spectrum m/e 312,243,165.

Anal. Calcd for C29H4205: C, 74.01; H, 9.00. Found: C, 73.79;
C, 79.74, H.8.21.

The other component, 22 (95 mg), had mp 241-244° (EtOAc): ir
1773 sh, 1745, 1600, 1498, 1475, 762, 748, 705 cm*“ 1 nmr b0.73 (18
H), 0.73 (d, J = 6 Hz, 21 H), 1.02 (19 H), 2.02 (acetate), 2.68 (d, J
= 55 Hz, 23 H), 540 (m, 6 H), 7.26 (s, 15 aromatic H); mass
spectrum m/e 397 (M - 243 - 60), 312 (M - 243 - 60 - 85), 243
(CigHi5+ base peak), 165 (Ci3H9+).

Anal. Calcd for C47H560 5: C, 80.53; H, 8.05. Found: C, 80.26;
H, 7.90.

The material (10.3 g) in the mother liquor from recrystalliza-
tion of 22 was chromatographed with ethyl acetate-petroleum
ether to give the adduct 21 (0.84 g) contaminated with steroidal
material 22). It was freed from the contaminant by acid hydrolysis
which deacetylated the steroid and then chromatography with
CHCI3MeOH (50:1): mp 207-209° (ethyl acetate-petroleum
ether); uv max 199 nm (e 31,100), 253 (561), 259 (630), 264 (596), 270
(365); ir 1764, 1600 cm-1; nmr 3 2.47-2.83 (m, methylene H),
4.2-4.6 (m, methine H + methylene H a to oxygen); 7.26 (s, 15
aromatic H); mass spectrum m/e 328 (M+), 243 (Cig9HIi5+, base
peak), 165 (Ci3H9+).

Anal. Calcd for C23H2002: C, 84.12; H, 6.14. Found: C, 84.09;
H, 6.10.
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